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In 1914 the Berlin pediatrician, Niemann, communicated the 
following case: 

Case Abstract. A girl, aged 17 months, whose parents were Polish Jews, 
had been sick since the second month of life. At that time the presence of 
a splenomegaly had been established. The child had always been difficult 
to feed and did not thrive. She became worse and the abdomen grew larger. 
She was admitted to the Berlin University Children’s Clinic in a very 
deplorable condition. The skin was lax and pale, the face was pale brown 
but not icteric. The abdomen was distended, being 50 cm. in circumference. 
The spleen and liver formed enormous tumors. The lower border of the 
liver reached almost to the pelvis. There was a slight ascites; the feet and 
eyelids were edematous. The blood picture was entirely normal, both as 
regards the cellular elements and the hemoglobin content. Inasmuch as 
the Wassermann reaction was positive, antisvphilitic treatment was insti- 
tuted but without success. The congestive phenomena increased, irregular 
fever and diarrhea appeared and the child succumbed after a 4 weeks’ stay 
in the clinic. 

At the autopsy there were no signs of congenital lues, but the spleen was 
very large and was of a very remarkable consistency. Yellowish-white 
lesions about the size of a lentil, which often became confluent, protruded 
from the cut surface. Among these there were scattered small areas of the 
normal splenie substance so that from a distance the cut surface appeared 
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completely whitish-yellow. The liver was also markedly changed and pre- 
sented the color and design of an extremely fatty liver. The fairly soft 
abdominal lymph nodes were only moderately enlarged, but also showed 
a peculiar yellowish color. The kidneys also were somewhat yellow; the 
cortex of the suprarenals was strikingly yellow. 

The microscopic examination showed that the yellow color was due to 
the deposition of peculiar large, irregularly outlined cells with small round 
nuclei and many vacuoles. They were so numerous in portions of the 
spleen, liver and lymph nodes that they completely displaced the normal 
parenchymatous structure. With Sudan III the cell body was stained 
dark, dirty red, so that the presence of lipoids was considered. 


Niemann correlated his observations with Gaucher's disease and 
maintained that the primary differentiation from Gaucher's disease 
consisted in the early age and the rapid and malignant course. He 
did not arrive at any definite interpretation. He therefore described 
his observations under the title, “An Unknown Disease Picture.”’ 

Clinical Picture. This communication of Niemann is the basis 
upon which I subsequently developed the concept of that form of 
the essential internal xanthomatoses which is known in the literature 
as Niemann-Pick’s disease. Since I described the picture of the 
disease, somewhat more than 15 cases have been reported. The 
disease seems to be more rare than Gaucher's disease. Like the 
latter it is a congenital constitutional and familial disease affecting 
predominantly the female. The predilection for the Jewish race 
is even more marked in this disease. Enlargement of the liver and 
spleen, as Niemann observed in his case, is found in the first months 
of life. The rapid increase in size of the abdomen, the pale and 
vellowish-brown discoloration of the skin of the parts exposed to 
light, 7. e., the face, arms and sclere; the slight ascites, the edema 
and the bronchitis which are the consequences of congestion, are 
constant manifestations. In contrast to Gaucher’s disease, the 
superficial lymph nodes are moderately to considerably enlarged. 
The urine contains no pathologic constituents (especially no bile 
pigments). The statements about the blood picture agree that 
foreign large elements are absent, even after the injection of adren- 
alin. The red blood cells are moderately decreased. Occasionally 
there is a leukocytosis in the late stages and sometimes a leukopenia. 
The presence of large vacuoles in many lymphocytes and polymor- 
phonuclear leukocytes is remarkable. The number of blood platelets 
isnormal. The Wassermann reaction in the blood and cerebrospinal 
fluid is usually negative. The blood may be clouded by a lipemia. 
The cholesterin content of the blood is most markedly elevated 
(650 mg. per cent) but at times it is approximately normal. There 
are as yet no statements as to the phosphatid contents of the blood. 

In the course of the disease the progressive enlargement of the 
spleen and liver produces an extraordinarily large abdomen. It is 
especially striking because of the simultaneous general emaciation. 
The extraordinary abdominal circumference of 50 em. in Niemann’s 
case was also attained in other cases. The enlarged spleen and liver 
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are smooth and hard and there is often but a thin groove between 
them. As is true of Gaucher's disease, this disease must be differ- 
entiated from Hanot’s cirrhosis, von Jaksch-Hayem’s anemia, 
acholuric jaundice, as well as from syphilitic enlargement of the 
liver and spleen in association with an entirely normal blood picture. 
Ilowever, the large vacuoles of the lymphocytes dnd leukocytes 
may attain special diagnostic significance. 

Complete diagnostic certainty, excluding especially Gaucher's 
disease, is afforded by the demonstration of the characteristic cells 
filled with lipoid. This can be shown by puncturing the spleen or 
the bone marrow. Small tissue particles of characteristic structure 
may be obtained by puncture or one can obtain by biopsy one of 
the palpable external lymph nodes for microscopic examination. 

The picture of the fully developed surviving storage cell of 
Niemann-Pick’s disease in the freshly examined puncture specimen 
or in a fresh smear from an organ at autopsy is entirely different 
from the appearance of the fresh Gaucher cell. The latter is uni- 
formly homogeneous with a dull hyalin sheen. On the other hand 
the large cells of Niemann-Pick’s disease are filled with small round 
droplets in mulberry-like clusters. They shine moderately and are, 
in general, not doubly refractile. The same marked difference is 
also present in the stained smear. The protoplasm of the Gaucher 
cells is peculiarly wrinkled and it is not uncommonly multinuclear. 
The storage cells in Niemann-Pick’s disease have a quite definite 
and typical honeycomb or foam structure and have mostly one or 
two, rarely many, nuclei. In the stained smear the vacuoles lie 
most often at the periphery while the center of the cell body is 
homogeneous and quite strongly acidophilic (Fig. 1). 

After splenectomy there may be a transitory improvement but 
just as after radiation of the spleen the malignant course is not 
prevented. The disease leads to death in all cases, at times within 
a few months after birth and at the latest in the second year. The 
children generally die with evidence of general exhaustion, some- 
times as a result of intercurrent infection. 

Necropsy Findings. Even in a 9-month infant the spleen may be 
of considerable size—310 gm. as against the 250 gm. maximum 
normally found in adults. It is tough and hard or, when there is 
a diffuse transformation into a “fat spleen,” it is doughy and one 
can scrape off a red-yellow creamy fluid. The Malpighian corpuscles 
remain visible. ‘The liver is likewise extraordinarily enlarged. 
Especially increased weights of the liver (930 gm. in a 20-months-old 
child and 580 gm. in one of 16 months) are present if the spleen has 
been previously removed. The liver appears either as a fatty liver, 
yellow, doughy and with a characteristic scraping of the cut surface, 
or it is cirrhotic, tough in spots or diffusely, finely granular and 
grayish-yellow on section. 

The external lymph nodes are moderately enlarged and the inter- 
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nal nodes are considerably enlarged, being | to 2 cm. in diameter. 
They form packets in numerous places around the liver, the head 
of the pancreas, the hilus of the spleen, the mesentery, ete. They 
have a varying shade of yellow, often yellow like fat or actually 
lemon yellow, and have the same fatty scrapings as the spleen and 
liver. 

The bone marrow may also appear strikingly yellow. Likewise 
the thymus may have the same consistency as the lymph nodes 
and, like these, appear unusually yellow. 

The suprarenals are especially striking. They are, as a rule, 
quite enlarged, each weighing 10 gm. in a 7-weeks-old infant. 
The cortex may be prominent because of its width and its especially 
yellow color, but even the usually grayish area of darker medulla 
may be colored yellow. 

The intestinal mucous membrane may be diffusely yellow and 
its protruding lymph nodes are especially prominent. The intima 
of the large arteries may be opaque and pale yellow, as may be 
the cortex of the kidneys. The pulmonary parenchyma may be 
marked by a coarse network of yellowish lines which is visible on 
the surface of the pleura. I found even the ovaries grayish-yellow. 
Thus you have in Niemann-Pick’s disease a ‘‘xanthomatosis,”” an 
actual yellowish discoloration of the most marked and widespread 
form. This is all the more striking when, as I have already indi- 
vated, the fat of the subcutaneous tissue has almost disappeared 
and the epicardium and mesentery are almost free of fat tissue. 

This widespread yellow coloration of the organs is caused by the 
deposition of large pale cells. These are as characteristic for 
Niemann-Pick’s disease as are the large pale cells of Gaucher's 
disease. But opposed to the latter, as I have already shown, are 
fundamental histologic and microchemical differences, both as 
regards the individual cell and as regards their arrangement in the 
internal organs. I have already indicated the differences in the 
unstained individual cells obtained by splenic or bone marrow punc- 
ture or by smears from the organs. I have also indicated the differ- 
ences in the stained preparations. In sections, the large Niemann- 
Pick cells always show a well developed weblike or foam structure 
(Fig. 3). In sections, as in fresh preparations, they are smaller 
than Gaucher cells. In Gaucher’s disease I found an average cell 
diameter of 84yu for the fresh preparation and 20 to 80g for sections. 
In Niemann-Pick’s disease, the cells measured 40u and 20u to 604 
respectively. In Niemann-Pick’s disease the foam cells show a 
more or less rounded form, but may be either oval or polyhedral. 
They never approach the variability of the Gaucher cells which, 
as you have seen, may appear as elongated spindles or as syncytia. 
In addition there are marked differences in the staining and the 
microchemical reactions. The lipophages of Gaucher's disease are 
stained blue by Mallory’s tricolor stain, while those of Niemann- 
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Pick’s disease stain a dirty grayish-blue. All the known fat and 
lipoid reactions, as well as the optical methods, are absent in 
Gaucher's disease. The foam cells of Niemann-Pick’s disease, on 
the other hand, can be stained, although irregularly, with Sudan ITI, 
Scarlet R, Nile blue or Osmic acid. One may also see drops or 
needles of doubly refractile bodies. The foam cells are completely 
filled with large dark blue or black droplets. Often a simple hema- 
toxylin-eosin stain suffices to show the droplets in this tint. The 
chemical reactions of the product of metabolism which is deposited 
in the large Niemann-Pick cells are essentially those of phosphatids. 
Microchemically the phosphatid is the basic lipoid of the disease. 
Neutral fats, cholesterol-fatty acid esters, ete., are present In varying 
amounts and this variability extends not only to the individual 
organs or parts of organs, but also to individual cases. The chemical 
analysis of the spleen and liver, according to the Lieb-Epstein 
method, confirms the extraordinary increase in phosphatids and 
the absence of kerasin. Other investigators (Sobotka, Epstein and 
Lichtenstein), using another method, have shown in addition the 
presence of considerable quantities of cholesterol-fatty acid esters 
and point out particularly the absence of neutral fat. 

The very widespread deposition and distribution of the lipoid in 
the large foam cells has been established by histologic and micro- 
chemical studies of the organs. The entire splenic pulp, except 
for tiny rests, is diffusely infiltrated with foam cells. There are no 
alveolar localizations as in Gaucher's disease. According to my 
observations, as you will see, it is certain that the sinus and its 
endothelium can remain unchanged in spite of complete filling of 
the pulp (Figs. 2 and 3). However, phosphatids are demonstrable 
in the endothelium and those foam cells which are found free in 
the sinuses can, insofar as they have not reached there by breaking 
through, have arisen in the sinus endothelium. But the principal 
source of the large cell bodies is the reticulum cells. The less marked 
participation of the sinus endothelium in the formation of Niemann- 
Pick’s cells is no less impressive than their complete inactivity in 
the development of Gaucher cells. 1 found the Turnbull reaction 
negative in the spleen. 

In the liver, parenchymal infiltration also reaches an extreme 
degree. In addition to the cells of the capillary endothelium and 
the Kupffer cells, the liver cells themselves are also changed into 
large clear cell bodies (Fig. 4). In the later stages of the disease 
evidences of trabeculation is the only indication of the normal 
structure. As in Gaucher's disease, a marked cirrhosis, without 
biliary duct proliferation but with inclusion of the foam cells in 
the fibrous tissue, may occur. These foam cells also originate in 
the endothelium of the liver vessels and come to lie free in the lumen 
of the portal vein, hepatic arteries and hepatic veins. 

The general framework of the lymph nodes remains intact but 
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the lymphadenoid tissue is replaced by foam cells to a greater or 
lesser extent. The mother cells are the reticulum cells and the 
endothelium of the blood and lymph spaces. 

Even when the bone marrow appears macroscopically normal, 
there may be considerable infiltration with foam cells. They form 
a third cell type in addition to the fat and marrow cells normally 
present and arise from reticulum cells. 

In the thymus the foam cells replace primarily the cortex of the 
lobules. In addition a considerable number lie in the loose connec- 
tive tissue between the lobules. 

The Smith-Dietrich reaction is strongly positive in the trachea 
not only in the connective tissue cells and the endothelium of the 
bloodvessels, but also in the epithelium of the mucosa, in the 
smooth muscle cells and, above all, in the cartilage cells (Fig. 5). 

Of particular interest are the sections of the lung. The alveolar 
spaces are large or else filled with particularly large foam cells 
which are derived from the alveolar epithelium. The capillary bed 
is, in its greatest part, completely plugged by foam cells (Fig. 6). 
The interlobar, peribronchial and perivascular fibrous tissue is more 
or less filled with these cells. The foam cells also lie free in the 
bronchial arteries, less commonly in the pulmonary arteries or veins. 

The thyroid sections treated according to the Smith-Dietrich 
method surprises one by the complete filling of the entire follicular 
epithelium by black drops and granules, while the colloid remains 
free. In addition, many small blackened connective tissue cells lie 
in the interstitial tissues. The epithelium of the tubules and the 
duct of the salivary glands as well as the cells of the interstitial 
connective tissue are affected by the deposition of phosphatids. 

In the sections of the tongue where the stroma of the papillie 
and the interstitial connective tissue are filled with foam cells, two 
findings are particularly noteworthy after Smith-Dietrich staining — 
first, the not uncommon presence of black filamentary droplets in 
the muscle tissue and second, in the lingual nerves the complete 
filling of the enlarged cells of Schwann and the connective tissue 
cells of the endoneurium with black droplets and granules. 

These are also found to a slight extent in the heart muscle cells. 
In the interstitial cells and the endothelium between the heart 
muscle cells, they are very numerous. 

Foam cells often lie close together in the intima and cells with 
blackened phosphatid are seen between the elastic fibers of the aorta 
and pulmonary artery. 

Phosphatid deposition in the suprarenals affects, for the greater 
part, not the cortex but the medulla. The cortical cells contain 
only a small number of fine black granules. The medulla shows 
closely packed lipoidphages in nests and cords. 

The capillary endothelium of the cortex and medulla of the kidney 
is filled with black granules. The epithelium of the cortex contains 
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these granules in irregular groups. The epithelium of the medullary 
canals is less often involved. The displacement of the glomerular 
loops by foam cells which have arisen from the endothelium makes 
a striking picture. The epithelium of Bowman’s capsule is also 
involved. Occasionally lipoid casts appear. 

In the small and large intestine a large number of foam cells lie 
in the stroma and between the crypts in the lymph nodes just as 
in the thymus. ‘The cortical cells have a predilection for the depo- 
sition of the lipoid. In the smooth muscle cells of the muscularis 
mucose and the circular and longitudinal muscle fibers, there are 
rows of fine black dots. The ganglion cells and satellite cells in the 
plexuses of Meissner and Auerbach are completely filled with these 
droplets. 

I need not enter upon the details of the positive findings in the 
pancreas, urinary bladder, uterus and tubes, and in the interstitial 
connective tissue and the endothelium of the bloodvessels or in the 
epithelium of the tubules and islands of the pancreas. 

Again the picture of the process in the ovary is worthy of mention. 
In the medulla there are numerous foam cells, partly arranged in 
bundles and partly in clumps. In the cortex, however, not only 
is the epithelium of the primary follicles for the most part markedly 
blackened, but also the ovules themselves very often contain black 
droplets and granules (Fig. 7). 

In the pituitary body the Smith-Dietrich reaction is positive in 
the epithelium of the anterior lobe as well as in the markedly enlarged 
glia cells which in part occupy the posterior lobe. 

I shall later refer particularly to the findings in the brain. 

The large cell bodies are able to phagocytise both erythrocytes and 
leukocytes. ‘They also. contain nuclear fragments and pigment and 
in part have a positive iron reaction. This phagocytosis, however, 
is inconstant, infrequent and without any significance. I have 
never succeeded in getting a positive Turnbull's blue reaction in the 
spleen or in any of the other organs in cases of Niemann-Pick’s 
disease. 

It is impossible to enumerate all the positive findings of foam 
cells and points of lipoid storage in the body. Even organs which 
appear grossly unchanged may contain these characteristic foam 
cells in great numbers. In addition to the enormous infiltration of 
the parenchyma of the lymphatic hematopoietic organs, the wide- 
spread deposition of the material in the capillaries of the lung is 
particularly outstanding. Extensive areas are completely plugged 
by foam cells which in part arise from the capillary endothelium 
itself and in part, however, are filtered out of the blood stream from 
the other organs. Since the foam cells are never found in the circu- 
lating blood stream, even after the injection of adrenalin, the cells 
must certainly be filtered out very completely by the lung. But 
the lipoid storing cells are widespread in the body, not only in prac- 
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tically all organs but also in single types of tissue. In this disease 
the storage takes place not only in the reticulum cells, the endo- 
thelial cells and the fixed and wandering cells (so-called local and 
wandering histiocytes) of the connective tissue, but also epithelial 
cells of every description and form. For example, lipoid may be 
found in the epithelium of the liver, of the alveoli of the lungs, of 
the mucous glands of the trachea, the thyroid, the salivary glands, 
the kidneys, the adrenals, the pancreas, the ovary, the pituitary, 
and even in cartilage cells, smooth and striated muscle fibers, 
ganglion cells, glia cells and the cells of Schwann. 

Nature of the Disease. ‘The histiocytic system, as far as one may 
conceive this idea, is therefore in no way exclusively involved in 
the storage of lipoid and in the production of foam cells. All the 
body tissue elements, connective tissue, muscle tissue, epithelial 
tissue and nerve tissue, take part in this process. On this account 
it is impossible to characterize Niemann-Pick’s disease as a lipoid- 
histiocytosis or as a reticulosis or as a reticulo-endothelial disease. 
It is no more a reticulo-endothelial disease than Gaucher's disease. 
The storage cells of Gaucher’s disease are not reticulo-endothelial 
cells at all. Furthermore, there are only reticulum cells in asso- 
ciation with certain locally limited histiocytic forms. The storage 
cells in Niemann-Pick’s disease cover a wider range than that of 
the reticulo-endothelial system. They spread in all possible direc- 
tions in all tissues. The histogenesis of the storage cells in Niemann- 
Pick’s disease is much too universal to permit acceptance of the 
designation “‘lipoid histiocytosis.” 

Since in Niemann-Pick’s disease cells of all the body tissues are 
involved, it appears really necessary to explain the disease upon a 
single composite basis and not, for example, to limit it to a primary 
insufficiency of the reticulo-endothelial apparatus. Here, also, there- 
fore, the pathogenesis revolves itself upon a primary metabolic dis- 
order which leads to an overloading of the blood stream and the 
tissues with lipoids, especially with phosphatids. At the same time 
a marked disappearance of the stored neutral fat takes place. The 
foreign material in the blood stream and tissue fluids first of all 
mobilizes the entire histiocytic apparatus, mainly the spleen, the 
liver, the lymph nodes and the bone marrow. 

In infancy, however, as I have shown, the macrophage system 
is widespread and on this account the lipoid storage takes place in 
many other localizations and in various other organs, after the 
natural storage localizations are overloaded. At this point the 
systematization ends. The excess amount of the material present 
then forces the parenchymal cells, and even the cartilage cells, to 
store the substance. This results not only in extraordinary sites of 
localization but also widespread parenchymal damage. Vital func- 
tions of various organs are hindered and the result is a premature 
death due to cachexia. 
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This concept of the pathogenesis leads to an easy understanding 
of the clinical and anatomic contrast of Niemann-Pick’s and 
Gaucher's disease. In Gaucher's disease it is the ultrachronic course 
which contributes to the fixity of the tissue reactions and the local- 
ization of the diseased process. In the Niemann-Pick disease the 
qualitative and the quantitative intensity of the foreign chemical 
stimulus leads to a very precipitate reaction; hence the unusual 
diffuse and widespread lipoid infiltration of the organs, the early, 
rapid and excessive enlargement of the spleen and liver and the 
early death through the destruction of vital functions. Gaucher’s 
disease can cause death in infancy or childhood with the full blown 
picture of the disease present, but in Niemann-Pick’s disease, death 
must occur in infancy or childhood because the parenchymal cells 
lose their function and the vital organs are overwhelmingly infil- 
trated with lipoid cells. 

As in Gaucher's disease the cause of this disturbance in metabolism 
is not understood. It is no more than a hypothesis to assume, for 
instance, that an endocrine factor is concerned. Sobotka emphasizes 
the lack of neutral fat in all the organs. This is consistent with the 
macroscopic and microscopic postmortem findings. Jle believes 
that there is a dysfunction of the spleen, liver, lymph nodes, bone 
marrow, ete. The physiologic function, concerned in the conversion 
of lecithin- and cholesterin-fatty acid esters into neutral fat, is lost 
in those cells which participate in the process of fat metabolism. 
It is possible that enzymes normally associated with this process of 
esterosis are lacking. This theory requires further confirmation. 

Relation to Tay-Sachs’ Disease. However, according to my inves- 
tigations, Niemann-Pick’s disease has an important practical and 
theoretical relationship to another disease of infancy, namely to 
amaurotic family idiocy and especially to that type which runs the 
most rapid course, namely ‘Tay-Sachs’ disease. I have found Tay- 
Sachs’ amaurotic family idiocy combined with Niemann-Pick’s dis- 
ease and this combination has been confirmed in some of the later 
reports. ‘Tay-Sachs’ disease is also, as is well known, a disease 
that is strictly familial and affects exclusively the Jewish race; it 
causes blindness and leads to death by destruction of all cerebral 
functions. 

In association with Max Bielschowsky, I have demonstrated the 
complete histologic identity between the cellular changes in the 
cerebrum in Tay-Sachs’ and in Niemann-Pick’s disease. At the 
same time, we also noted a spread of the foam cells in the lepto- 
meninges in the tela choroidea and in the connective tissue about 
the cerebral vessels, corresponding to the generalized spread of the 
foam cells in the connective tissue and the wall of the bloodvessels 
in Niemann-Pick’s disease. 

Clinical Abstract. In the first autopsy that I performed upon a case of 
Niemann-Pick’s disease, the clinical manifestations pointed to an involve- 
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ment of the cerebrum. This child, aged 14 months, upon admission to the 
University Children’s Clinie in Berlin, lay motionless in bed and could not 
keep its head erect. The patellar and Achilles reflexes were absent, the 
child could fix and follow objects placed before the eyes but could not 
readily grasp such objects. The left pupil was smaller than the right and 
did not react to light. The child slowly became apathetic. This apathy, 
in association with the motor manifestations, suggested the possibility of 
Tay-Sachs’ disease. The assumption became certain after the ophthalmo- 
logic examination. The retina in the region of the macula lutea was colored 
gray and in the fovea centralis there was found the typical cherry-red spot. 

At the autopsy I found the brain unusually firm, which was especially 
striking in view of the usual soft consistency of the average brain in infants. 
The organ maintained its shape upon the autopsy table, the convolutions 
were narrow, and the fissures were deep. 

Microscopic examination of sections of the central nervous system revealed 
a storage of lipoid substance in the ganglia and glia cells, which morphologic- 
ally and tinctorially were identical not only with those in the other body 
organs but also with those which are usually found in the nerve and glia 
cells in Tay-Sachs’ amaurotic idiocy. 


The lipoid storage involves, in one disease as in the other, the 
brain cortex, the spinal cord and the spinal ganglia. The identity 
of the changes is evidenced not only in the cellular storage itself 
but even in the tissue arrangement of the storage cells. 

A section through brain cortex, for instance in the region of the 
precentral gyrus, shows all the ganglion cells to stand out a deep 
black when lipoid stains are employed while they normally appear 
shadowy and gray-blue. At the same time innumerable glia cells 
are intensely blackened and their cell bodies are swollen by the 
stored lipoid (Fig. 8). The blackening of the cells is furthermore 
no less marked in the cortex of the cerebellum. The layer of Purkinje 
cells is clearly demarcated from the neighboring molecular layer 
and the granular layer of the cerebellar cortex because the Purkinje 
cells contain a large amount of the blackened substance (Figs. 9 
and 10). One sees in many Purkinje cells a balloon-like swelling 
of the dendrites caused by lipoid deposition. All these pictures 
occur frequently in the histopathology of Tay-Sachs’ disease 
(Fig. 11). There is a further cerebral histopathologic similarity 
with Tay-Sachs’ disease, namely, the delay or cessation in the 
maturation of definite nerve fiber tracts which in the normal devel- 
opment become medullated late in fetal life. In our cases the 
developmental anomaly affects chiefly the white substance of the 
temporal lobe and the lateral portion of the centrum semiovale. 
Other nerve fiber tracts are entirely unaffected. 

In contrast to the findings in Tay-Sachs’ disease, one finds a 
marked lipoid deposition in the entire connective tissue and peri- 
vascular apparatus of the brain. ‘That corresponds, as I have 
already pointed out, to the universal occurrence of lipoid phagocytes 
in Niemann-Pick’s disease. 

Tn any case the fact remains that the infantile Tay-Sachs’ disease 
and Niemann-Pick’s disease are related in their typical clinical and 
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anatomic picture. This fact is in strong support of the concept of 
those authors who regard the essential disturbance in Tay-Sachs’ 
disease as being a metabolic disturbance of a diseased nervous 
tissue. 

The identity of the histologic findings leads directly to the con- 
cept which I have presented with Max Bielschowsky, that Tay- 
Sachs’ disease has its basis in the same metabolic disturbance as in 
Niemann-Pick’s disease—that is, it is a localization in one organ of 
this general disturbance of lipoid metabolism. It is true that the 
majority of the cases of Tay-Sachs’ disease do not present clinically 
a hepatosplenomegaly and, furthermore, it has not yet been shown 
that the cellular and tissue changes of Tay-Sachs’ disease occur in 
all cases of Niemann-Pick’s lipoid storage. In the internal organs, 
for example in the spleen, were found pictures in juvenile amaurotic 
idiocy, which correspond completely with those in Niemann-Pick’s 
disease (Fig. 12). 

From all of this it follows, and I will express myself very cau- 
tiously, that the cellular changes in Tay-Sachs’ disease are primarily 
conditioned by a metabolic disturbance which leads to lipoid deposi- 
tion in the ganglia and glia cells and that this metabolic disturbance 
in infantile Tay-Sachs’ disease must be of the same kind as that in 
Niemann-Pick’s disease. 

Finally, it must be stated that in the infantile form of Gaucher’s 
disease, lipoid corresponding microchemically and optically to 
Gaucher substance is often deposited in the cerebral cortex. Except 
for the differences in the character of the deposited lipoids, the 
resemblance with the ganglion cell pictures seen in Tay-Sachs’ dis- 
vase is striking. This fundamental similarity in the involvement of 
the elements of the central nervous system in Gaucher’s disease, 
as well as in Niemann-Pick’s disease speaks against a mere accidental 
combination of the two diseases and is even more indication of a 
primary disturbance of the lipoid metabolism affecting the ganglion 
cells in both diseases. I have gone in detail into these questions 
because here the pathologic-anatomic study of a metabolic disease 
has opened a pathway which may explain the pathogenesis of a 
cerebral disease which hitherto has been a mystery. 

Hand-Schiiller-Christian’s Disease. ‘l'o complete the description of 
the essential general xanthomatoses, it is necessary to describe both 
this disease and the group of essential irregularly localized forms. 
I can limit myself somewhat inasmuch as the cases of xanthomatoses 
with varying localizations do not present a constant clinical anatomic 
picture of Hand-Schiiller-Christian’s disease which was, as you know, 
first investigated in your country (Philadelphia and Boston). We 
are indebted to R. S. Rowland not only for a complete clinical 
anatomic presentation of the disease, but also for the important 
knowledge that this disease belongs to the essential xanthomatoses. 

Like Gaucher’s disease and Niemann-Pick’s disease, Hand- 
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Schiiller-Christian’s disease is also a congenital familial disease on 
a constitutional basis. It occurs predominantly in Jews and, as 
far as we know, in the male sex. The lipoid deposition here con- 
sists chiefly of cholesterin-fatty acid esters. The accumulation of 
large storage cells is secondary to a very characteristic granulation 
tissue which has an outspoken tendency to conversion into fibrous 
scars. 

Clinical Picture. ‘The first symptoms of this disease begin in the 
second year. In most instances there is a very characteristic triad 
of symptoms: (1) defects of the bones, especially of the skull; (2) 
exophthalmos and (3) diabetes insipidus. In addition there is a 
growth disturbance, changes as in dystrophia adiposogenitalis, 
yellow-brown discoloration of the skin, dyspnea and evanosis and 
often also moderate enlargement of the liver, spleen and lymph 
nodes. 

The course can be a mild one, interrupted by remissions, and 
death may be delayed until the third decade of life, unless occasioned 
earlier by an intercurrent disease. The cholesterol, phosphatids 
and fatty acids of the blood are increased. However, during the 
remissions the valves approach the normal. Lipemia has not been 
observed. 

In the differential diagnosis the bony defects have primarily to 
be considered. Gaucher's disease, syphilis, tuberculosis, multiple 
myeloma, osteitis fibrosa cystica and neoplasms have to be ruled 
out. The presence of the radiographically characteristic defects of 
the skull (geographic skull) speaks in favor of Hand-Schiiller- 
Christian’s disease. However, as in Gaucher's and Niemann-Pick’s 
disease, only the demonstration of the characteristic storage cells 
(foam cells) in biopsy makes the diagnosis certain. 

I have my doubts whether dietary or endocrine therapy can be 
effective. It is true that radiation causes rapid regeneration. How- 
ever, even during the treatment, new foci develop. In protracted 
cases bony defects may heal spontaneously. 

Pathologic Anatomy. An autopsy of a fully developed case of 
Hand-Schiiller-Christian’s disease presents the distinct picture of a 
disease of the skeleton, particularly of the skull. Within the con- 
vexity and in the base of the skull there are numerous defects of 
varying shape and size. They are filled by a light yellow or brown- 
ish granulomatous tough substance, which originates in the dura or 
simultaneously in the periosteum. In later stages of the disease the 
granuloma becomes a cicatricial fibrous tissue, also of yellow tint. 
Occasionally cysts develop and these contain yellowish or reddish- 
brown semifluid material. The yellow granulomatous tissue invades 
the orbits, the accessory nasal sinuses and the mastoid cells and 
pushes the pituitary gland upward. The pituitary gland proper 
and the structures in the near vicinity at the floor of the third ven- 
tricle may appear diffusely yellow. The other organs are involved 
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Fic. 1.--Smear of cells from splenic puncture in Niemann-Pick’s disease. Note 

typical cell with vacuoles peripherally located with homogeneous center. 

Fig. 2.—Section of spleen in Niemann-Pick’s disease. The sinus endothelium is 

free of lipoid. Hematoxylin and eosin 

Fig. 3. —Section of spleen in Niemann-Pick’s disease. Typical vacuolated storage 

cells. Hematoxylin and eosin. 

Fic. 4.—Section of liver in Niemann-Pick’s disease. Note blackening of phosphatids 
stored in endothelial, Kupffer and liver epithelial cells. Smith-Dietrich stain. 
Fic. 5.—Cartilage of trachea in Niemann-Pick’s disease. Blackened phosphatids in 
cartilage cells. Smith-Dietrich stain. 

Fic. 6.—Section of lung in Niemann-Pick's disease. Note dilatation and blockage 
of pulmonary capillaries by vacuolated storage cells. Hematoxylin and eosin. 

Fic. 7.—Ovarian cortex in Niemann-Pick’s disease. Blackened phosphatids of 

the epithelial cells of the primordial follicles and ovulum proper. Smith-Dietrich 

stain. 

Fic. 8.—Section of ‘‘precentral gyrus” of brain in Niemann-Pick’s disease. Black- 

ened phosphatids in ganglion and glial cells. Smith-Dietrich stain. 

Fic. 9.—Section of cerebellum in Niemann-Pick’s disease. Striking demarcation 

caused by blackened phosphatids in Purkinje cells. Smith-Dietrich stain. 

Fic. 10.— Purkinje cells in Niemann-Pick’s disease. Lipoid stains light. Bielschow- 

sky stain. 

Fic. 11.— Purkinje cells in Niemann-Pick’s disease. Lipoid stains light. Balloon-like 

swelling of a dendrite. Bielschowsky stain. 
Fic. 12.—Section of spleen in juvenile type of Tay-Sachs’ disease (amaurotic family 
idiocy). Phosphatid-storing cells in splenic pulp corresponding to storage cells in 

Niemann-Pick’s disease. Hematoxylin and eosin. 
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only occasionally. The spleen, liver, lymph nodes and also the 
kidneys may be moderately enlarged and diffusely yellow-stained. 
The bone marrow, too, shows not infrequently a diffuse or patchy 
yellow color. The same holds true for the thymus, tonsils, wall of 
the esophagus and stomach, Pever's patches, heart and walls of 
the large vessels. It is striking that the adrenals with yellow cortex 
may be found reduced in size and that the yellowish speckled lung 
is often conspicuously firm. 

The foam cells vary in size and shape and commonly resemble 
the type found in secondary xanthoma. They include one or two 
small nuclei, occasionally even many, and because of their prevailing 
cholesterol content they are well stained with Sudan and Nile blue 
and are doubly refractile. Frequently they contain cystalline 
needles or small rods. They may be freed from disintegrated cells 
and cause the appearance of multinucleated foreign body giant cells. 
The chemical analysis of the organs reveals also a preponderance in 
the figures of cholesterol and its esters over the phosphatids and 
neutral fats. 

Groups of round and eosinophilic cells are found in combination 
with the foam cells and suggest the appearance of a granulation 
tissue. In addition there occur hemorrhages and necroses. The 
fibrous cicatricial transformation is initiated by the proliferation of 
numerous spindle cells arranged in bundles. Within the fibrillar 
sear tissue, giant cells and numerous cholesterol needles or plates 
are retained for a long time. ° 

As far as their origin is concerned, Rowland summarily charac- 
terizes the foam cells as derivatives of the reticulo-endothelial cells 
or histiocytes. As far as I can see, only their origin from reticulum 
cells and from histiocytes of the adventitia and the perivascular 
connective tissues is established. According to Rowland the paren- 
chymal cells of the glandular organs and certain other tissues partici- 
pate in addition in the lipoid deposition. This is analogous to 
Niemann-Pick’s disease, although the storage is not as intense. 

The foam cells are also widely distributed in organs which do not 
show macroscopic alterations. They lie within the connective tissue, 
as in the near vicinity of small blood and lymph vessels, and cause, 
if present in the larger groups, the grossly recognizable yellow color. 
Again the tendency to fibrous transformation, ¢. ¢., to cicatrization, 
is very conspicuous, especially within the liver. It is most marked 
within the lungs where the proliferating connective tissue between 
the alveoli causes their obliteration. The fibrosis is responsible for 
the induration of the lungs, the dyspnea and cyanosis, and predis- 
poses the organ to pneumonia. 

The complete replacement of the bone marrow by the masses of 
foam cells and the subsequent formation of the granulomatous tissue 
is the cause of the bony defects. The embarrassment of the circu- 
lation results in small resorbable necroses of the bony substance 
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which can be termed caries sicca xanthomatosa. Extensive replace- 
ment of the bone marrow causes severe fatal anemia by myelo- 
phthisis. The exophthalmos is the result of granulomatous masses 
which have invaded the orbit. The diabetes insipidus as well as 
the general developmental retardation and the dystrophia adiposo- 
genitalis are symptoms of the involvement of the pituitary gland, 
which has not only been displaced by the granulation tissue but in 
addition has been infiltrated by foam cells. The same takes place 
in the infundibulum and the tuber cinereum. 

In this way all the clinical features of the disease find their full 
explanation in their anatomic-histologic counterparts. 

The fourth and last group of the essential xanthomatoses is a 
residual group. Whatever remains after Gaucher's disease, Nie- 
mann-Pick’s disease. and Hand-Schiiller-Christian’s disease have 
been eliminated belongs to this group. It corresponds entirely in 
its varying localization and in its histology, and as far as our knowl- 
edge goes also in its chemistry, to the symptomatic xanthomatoses, 
except that a fundamental disease is absent. Here also, the chief 
component of the lipoid deposition is probably cholesterol. I have 
already mentioned that the variation in the localization of these 
xanthomatoses accounts for the fact that there does not exist a 
precise clinical-anatomic picture. The skin and internal organs may 
be involved by the xanthomatous deposits to a varying degree. It 
seems, however, as if one might still be able to separate still another 
well circumscribed type which represents again a disease of the 
bones and which presents a possible characteristic Roentgen ray 
picture. William Chester, working under Erdheim, first reported 
two observations of this type. Subsequently a few cases, identical 
in their clinical, radiologic and pathologic-anatomic aspects, have 
been observed and I also can show you such a case. 

They are apparently not characteristic for any definite age period 
and occur in men and women. As in Hand-Schiiller-Christian’s 
disease, the widespread deposition of lipoid containing cells within 
the bone marrow, widely distributed all over the skeletal system, 
passes into a lipoid granulomatosis. But instead of the skull being 
the chief seat of the disease, it is more conspicuous in the diaphyses 
of the long bones; and the fibrous healing stage which occurs in the 
lipoid granulomata does not result in bony defects but provokes an 
osteoplastic reaction, 7. ¢., extensive new formation of bony sub- 
stance. The bones are externally unaltered and the periosteum is 
free. ‘The deposits of lipoid granulomata appear on cross-section in 
part as yellow foci and in part they occupy longer areas of the 
marrow cavity. The microscope reveals a porosity of the compacta 
and of the spongiosa of the bones, caused by either recent or older 
cicatrizing lipoid granuloma. Near it, however, there is an entirely 
“unstatic,” independently new “‘irritation spongiosa” with slender 
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bone trabeculke between the bony substance. The foci of lipoid 
granulomata which tend to heal with fibrosis are delimited by special 
bony marginal trabeculie. Occasionally, as in some of the reported 
instances, a dense osteosclerosis may occur, particularly at the 
distal portions of the femur and the diaphysis of the tibia, which 
gives a dense Roentgen ray shadow. Xanthomatosis of the skin or 
of the internal organs may be present or absent, in accordance with 
the variability of the organic involvement characteristic for this 
group. It may be sufficient to characterize these cases of peculiar 
bony xanthomatoses as separate entities. We are just beginning 
to collect our observations and experiences. It is mainly necessary 
to investigate the type of the deposited lipoid and the lipoid contents 
of the blood. 

It must be considered that cases of this type deserve the term 
“lipoid granuloma” in a secondary sense only. The granulomata 
do not develop primarily with subsequent lipoid storage within 
their cells but, conversely, the primary process is the deposition of 
storage cells within the bone marrow. From this, as in Hand- 
Schiiller-Christian’s disease, the lipoid granuloma develops. It 
is absolutely untenable, and this must be emphasized, to include 
Niemann-Pick’s disease among the lipoid granulomata. In this 
instance there never exists in any phase, a lipoid cellular granulation 
tissue or anything which is even remotely related. 

The knowledge of the generalized essential xanthomatoses is still 
recent in its present classification. ‘The important information 
regarding the nature of Gaucher’s, Niemann-Pick’s and Hand- 
Schiiller-Christian’s diseases dates back only to the last decade. 
There is, however, no doubt in regard to the principal differences 
among these three affections. 

The separation of these three storage diseases from one another 
is the more certain because the differentiation is not only clinical 
and anatomic but also chemical. Gaucher’s disease stores mainly 
kerasin, Niemann-Pick’s phosphatids and Hand-Schiiller-Christian’s 
disease, cholesterol. It is true that certain features are common to 
all three diseases. In common there is a familial congenital dis- 
turbance of the lipoid metabolism on a constitutional basis and 
this aberration shows predilection for the Jewish race. The reason 
for this is probably the coincidence of the determining hereditary 
factors favored by frequent blood marriages. All three diseases are 
accompanied by hemachromatosis with yellowish-brown pigmenta- 
tion of the exposed skin. In all three diseases, disappearance of the 
storage cells may occur with subsequent formation of fibrous scars. 
Gaucher’s and Hand-Schiiller-Christian’s disease exhibit surprisingly 
independent localization of lipoid storage within the skeletal system. 
This occurs apparently in still another form which is at present still 
classified among the unnamed essential xanthomatoses. 
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Yet there is, aside from this fundamental agreement, almost 
always a particular characteristic for each disease entity. Gaucher's 
disease and Niemann-Pick’s disease predominate in the female sex; 
Hand-Schiiller-Christian’s disease predominates in the male sex, as 
far as the existing observations show. In Gaucher's disease and in 
Niemann-Pick’s disease the cicatricial new formations develop in 
the liver with the disappearance of the storage cells directly by a 
sort of insidious condensation of the fibrous stroma. In Hand- 
Schiiller-Christian’s disease, however, and also in the unnamed bone 
xanthomatoses there is granulation tissue formation. In Gaucher's 
disease the osseous form of the disease is exceptional. In Hand- 
Schiiller-Christian’s disease, and of course also in the unnamed bone 
xanthomatoses, it is the rule and the leading symptom. In Hand- 
Schiiller-Christian’s disease the skull is involved primarily; in 
Gaucher's disease and in the bone xanthomatoses, the entire skeleton. 
As you see, there are clinical-anatomic differences in all the groups. 

Objection has been raised against the classification of the general- 
ized essential xanthomatoses or lipoidoses with the three named 
diseases. It has been claimed that there are instances which alto- 
gether do not belong in this system and that cases have been 
observed which take an intermediary position, as the observation 
of Hamperl and Dienst who found, in the organs of the type Nie- 
mann-Pick, a small amount of kerasin in addition to the abundant 
phosphatids. Such observations do not invalidate the classification 
by any means but corroborate it, because they tend to confirm 
what was to be expected a priort. One should not forget Aristotle's 
words: Natura non saltum facit. All natural phenomena necessarily 
show such transitions. I have repeatedly emphasized that there 
exists a number of variations in addition to the classical disease 
entities of the generalized essential xanthomatoses which do not 
fit the scheme and which have occasionally a distinctly uncertain 
character. I have compiled and reported such cases. Most prob- 
ably the system in its present form is not even complete. 

Thus, the recent teaching of the generalized essential xantho- 
matoses appears to be well founded in its fundamentals. The sys- 
tem has proven its practical utility in a sufficient number of cases. 
I hope, from what I have discussed and demonstrated, that you 
have gained this belief and that you now see before you the pathway 
which further investigation has to pursue. 

If much of our knowledge is still incomplete in structure and 
content and perhaps must remain so, then you must recall the words 
of the famous scientist, Karl Ernst von Baer: 


“Science is eternal in its sources, 
Boundless in extent, 
Infinite in structure, 
Unattainable in purpose.” 
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STUDIES ON THE STRUCTURE AND FUNCTION OF BONE 
MARROW. 


Il. BONE MARROW BIOPSY. 


By R. P. Custer, M.D., 


CHIEF, DIVISION OF PATHOLOGY, PHILADELPHIA GENERAL HOSPITAL, AND ASSOCIATE 
{IN PATHOLOGY, UNIVERSITY OF PENNSYLVANIA, 
PHILADELPHIA. 


(From the Division of Pathology of the Philadelphia General Hospital Laboratories 
and the Department of Pathology of the University of Pennsylvania.) 


A quarter century has passed since Ghedini, of Genoa, performed 
the first biopsy of bone marrow (1908) and subsequently (1910, 
1911) described the technique and the results of his studies. The 
medical profession, usually alert for new means of diagnosis and 
study, has not received the procedure with favor; mute evidence 
lies in the fact that, since the time of Ghedini, hardly a dozen 
articles related to such study have appeared. Recently Hellwig, 
in an excellent comprehensive review of biopsy, totally neglected 
to mention biopsy of the bone marrow. From this lack of interest 
one might infer that the results of the procedure do not justify its 
performance; a survey of past work and our experience thus far are 
not in accordance with such inference. 

Most authors have been content with study of smears of material 
aspirated by various means from the myeloid cavity— Ghedini, 
Zadek (1921, 1922), Morris and Falconer (1922), Seyfarth (1923), 
Arinkin (1928), Arjeff (1931), Tuschinsky and Kotlarenko (1932) 
and Sokolowski (1932). Peabody alone (1927) was concerned with 
carefully prepared sections of curetted marrow tissue. Smears are 
of distinct value for comparison of marrow cells with cells of the 
circulating blood, preparation and staining technique being alike; 
used alone, however, the limitations of smears are obvious. Quoting 
Peabody, “they do not necessarily give the correct idea of the 
relative number of different cell types present (thus megaloblasts 
may be so firmly adherent to one another that only a small propor- 
tion appears in the smear), and they give no indication of the 
actual structure of the bone marrow. As more is learned about the 
normal physiology of blood formation and the liberation of cells 
into the peripheral vessels, it becomes apparent that these physio- 
logic functions can often be interpreted by the study of the anatomy 
of the bone marrow. It is thus evident that the elucidation of the 
pathologic physiology of the diseases of the hematopoietic system 
will be considerably aided by a better knowledge of the structure 
of the bone marrow, which can be acquired only from the study 
of sections of fixed tissue.””. Going further, invaluable information 
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regarding the cell elements of the marrow may be obtained through 
tissue culture and supravitally stained preparations that can never 
be gained through study of dead cells. 

The purpose of this paper is to outline in detail a technique for 
bone marrow biopsy, the use of which will furnish uniformly good 
marrow preparations in a comparatively short time, and to describe 
briefly a method for study of the preparations thus obtained. It is 
hoped that the use of the procedure for diagnosis and study of 
disease of the hemolytopoietic system will be stimulated. 

Selection of Site for Biopsy. [arlier observers (Ghedini, Morris 
and Falconer, Zadek, Peabody) performed biopsy on the tibia. It 
was pointed out in a previous paper* that the tibial marrow loses 
its hemopoietic elements during. the adolescent and early adult 
period and becomes practically entirely fatty; further, that only 
under the most extreme stimulation, as in untreated pernicious 
anemia in phases of relapse, does the metamorphosis to red marrow 
occur; far less labile is the tibia than the femur, for example. ‘This 
is demonstrated graphically in the charts presented in the preced- 
ing paper of this series. Peabody has stated: “The marrow of 
the tibia, which may be involved only rather late, is nevertheless, 
a more sensitive index of the extent and degree of the pathologic 
process (7. e., referring to pernicious anemia) than is, for instance, 
the marrow of the femur.’’ On the contrary, the author considers 
the tibial marrow one of the coarsest indices of hemopoietic response, 
even though it be true that the earliest stages of a pathologic process 
involving the blood-forming organs may be more readily followed 
in the relatively simple marrow of this bone than in the complex 
myeloid tissue of the spongy bones. When blood-forming tissue 
is found here, it indicates a most extreme hemopoietic reaction. 
How often, though, does one perform biopsy on the tibia, only to 
be rewarded by a section of simple, practically acellular fat to study?” 
Or worse, what is the interpretation of such a find by one unfamiliar 
with the variation in cellularity in the different bones? Within the 
past few months the author has known the unjustified diagnosis of 
aplastic anemia to be made in 2 cases, largely on the ground of a 
fatty tibial marrow; fortunately such instances are uncommon. 

The femoral marrow, regarded as the most useful single marrow 
for postmortem study, is not available for biopsy for obvious 
reasons. ‘The sternum offers far more hope for an adequate cyto- 
logic study of the marrow; it remains cellular in part throughout 
life, although fat content increases with advancing age. The bone 
is readily accessible and trephine is accomplished with much less 
difficulty than through the thick, dense cortex of the tibia. Perhaps 
the optimum state would be obtained through examination of both 
bones simultaneously, but seldom would either patient or clinician 
feel this justified. Of the 2 available bones, then, the sternum 
seems preferable for biopsy. 


Fig. 1.—Clinical Diagnosis: Agranulocytosis. Sternal Biopsy Diagnosis: Acute 


aleukemic myelogenous leukemia. 
genous leukemia. x 550. 


Necropsy Diagnosis Acute aleukemic myelo- 


re ¢ 


Fic. 2.—Clinical Diagnosis: Agranulocytosis. Sternal Biopsy Diagnosis: Acute 


reticulo-endotheliosis (aleukemic). 
(aleukemic retothel sarcoma type). 


Necropsy Diagnosis: Acute reticulo-endotheliosis 
x 550. 
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Fic. 3.—Clinical Diagnosis: Agranulocytosis  Sternal Biopsy Diagnosis: Aplastic 
anemia. Necropsy Diagnosis: Aplastic anemia. X 550. 


Fig. 4.—Characteristic sternal marrow picture of the disease agranulocytosis (not the symptom) (to be” 
described in detail in a subsequent article). A, myeloblastic hyperplasia with maturation defect: 
normal erythropoiesis ( 550); B, focal necrosis with lymphocyte response (X 44). 
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Surgical Technique. Some authors have advocated needle biopsy 
of the sternum and have described a variety of methods and instru- 
ments for its performance. The chief disadvantage lies in the fact 
that only aspirated marrow is available for study, thus rendering 
impossible section of fixed myeloid tissue in which cytologic rela- 
tions are maintained. Morris and Falconer devised an electric 
drill for trephining bone; we found no such elaborate instrument 
necessary. The following surgical technique for the removal of a 
sternal button has been adopted: 

Using rigid aseptic precautions, the skin and subcutaneous tissue 
are infiltrated at least 1.5 em. to right and left of the midline with 
a 2 per cent solution of novocain for a distance of 3 cm. above and 
below the attachment of the fourth rib. After a lapse of 5 minutes 
a sagittal incision, 4 em. in length, is made down to, but not includ- 
ing, periosteum. The needle is inserted beneath the periosteum 
and the subperiosteal space is infiltrated with novocain over the 
operative field ; thus all sensitive parts have been rendered anesthetic. 
The periosteum is incised in the line of skin incision and elevated, 
exposing an area slightly greater than 1 cm. in diameter. Using an 
ordinary trephine of 1 cm. diameter, the ventral table of the sternum 
is cut; the marrow cavity has been entered when the sensation of 
a slight downward thrust is experienced (care must be exerted not 
to continue drilling through dorsal table into mediastinum).* The 
trephine is tilted slightly back and forth in sagittal and transverse 
planes, thus breaking the fine trabecule of the underlying cancellous 
bone. The trephine is withdrawn; the bone button will come away 
with the drill or can be removed with tissue forceps. The margin 
and floor of the myeloid cavity are scraped with a sharp bone 
curette; the curettings and button are handed to the pathologist 
(whose presence at operation is imperative) on a sterile sponge. 
The cavity is packed firmly with gauze until all oozing has ceased; 
the periosteum is replaced over the bone defect, but not sutured; 
skin and subcutaneous tissue are approximated with interrupted 
No. 00 plain catgut (or horsehair) sutures (in female subjects a 
carefully laid subcuticular suture may be preferable). Sterile 
dressings are applied and the patient returned to bed; dressings 
may be discontinued after the sutures have been absorbed (usually 
about the sixth day). There is eventual fibrous or osseous replace- 
ment of the bone defect and the resulting scar an inconspicuous, fine, 
white line. 

Microscopic Technique. A tiny fragment of the curettings should 
be teased out and stained supravitally according to the technique 
of Doan or Forkner. If tissue cultures are to be made, the marrow 
fragment should be placed in the medium as soon after removal as 

* As an added precaution against entering the mediastinum, a mark can be 


made on the trephine 5 mm. from the cutting edge; drilling should stop when 
this mark is reached. 
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possible (the technique of Maximow or of Lewis is preferable). 
Smears should be made from the curettings as directed,® both wet- 
fixed and dry, stained by the method used on blood films from the 
patient (May-Griinwald-Giemsa, acetone-Giemsa or Wright's are 
best). Thus a comparison of the cytology of peripheral blood and 
blood-forming organs is possible. 

The button and remaining curettings are fixed promptly in 
Zenker-formol solution for 4 to 6 hours, washed for an equivalent 
length of time in running water and decalcified in a solution of equal 
parts of 85 per cent formic acid and 20 per cent sodium citrate 
(6 hours is usually sufficient, although the tissue may be left over- 
night without destroying the staining quality of the cells). The 
tissue is washed in running water for about 4 hours, transferred 
through 95 per cent alcohol (12 hours), absolute alcohol (6 hours), 
chloroform (45 minutes), chloroform and paraffin (30 minutes in 
oven), paraffin (40 to 42° C.) (15 to 20 minutes), paraffin (53° to 
56° C.) (2 changes totalling 30 minutes) and finally embedded in 
paraffin, being careful to embed the button with the marrow surface 
downward. ‘The tissue is blocked and cut in the usual fashion, 
preferably not over 5 micra in thickness, mounted on albuminized 
slides and placed in the oven for at least 2 hours (better overnight 
to insure flat sections). Paraffin is removed by 2 changes of xylol, 
following which the slides are transferred through the following 
solutions: 95 per cent alcohol, 95 per cent alcohol and iodin (cherry- 
red solution) until the mercury of the fixative is removed, 95, 70, 
50 and 30 per cent alcohol and finally through 3 changes of dis- 
tilled water to insure removal of all alcohol. Slides are then 
placed in the stain mixture prepared as follows: 


Solution I. 
Kosin fir Blut (Griibler) l gm. 
Distilled water . ILiiter 


Solution I] 
Azure II gm 
Distilled water 1 liter 


(Azure II as supplied by National Aniline and Chemical Com- 
pany only.) 
Mix solutions as follows in the indicated order: 


1. Distilled water SO ce. 
2. Solution I ; 20 ce. 
3. Solution II 10 ce, 


Stain from late afternoon until the following morning. Differ- 
entiate, controlling differentiation under the microscope: 

1. Alcohol, 95 per cent, until blue stain ceases to come off ina 
cloud. 

2. Alcohol, 95 per cent, until differentiation is complete (bone 
trabeculee, red blood cells, eosinophil granules are the landmarks 
and should be red; nuclei should be sharp and brilliant blue). 


‘ 
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3. Transfer rapidly through 2 changes of absolute alcohol for 
dehydration. 

4. Xylol (3 changes) until clear. At this time check stain under 
high dry power; if underdifferentiated, slide can be carried back 
into alcohol; if overdifferentiated, it is practically useless.  Decolor- 
izing in acid-alcohol and restaining are possible but results do not 
justify the effort; better cut new sections. 

Moderate amount of leeway is permissible in the timing noted 
above. The schedule used in our laboratory is usually as follows: 

First Day. 9 A.M.: operation, fixation of tissue; 1 P.M.: washing 
begins; 5 p.M.: deealcifying fluid. 

Second Day. 9 A.M.: washing begins; 1 p.m.: 95 per cent alcohol. 

Third Day. 9 A.M.: absolute alcohol; 2 p.m.: chloroform ; 2.45 P.M. : 
paraffin, 40 to 42° C.; 3.45 p.m.: paraffin, 53° to 56° C.; 4.45 pom: 
embed. 

This procedure can be shortened but sections are not so perfect if 
tissue is rushed. 

Methods for Examination. |. Section. A general estimate of 
the percentage of marrow cellularity should be made with the low- 
power objective and compared with the approximate normal at 
the given age (see chart in previous article*), to determine hyper- 
plasia or hypoplasia. Using the oil-immersion objective, a differ- 
ential count should be performed. This is simplified by the use of 
a ruled ocular (Zeiss-Okularnetzmikrom) to divide the field into 
segments. At least 90 to 95 per cent of all cells are identifiable 
in a well-made preparation, according to our experience. The cells 
should be listed as follows: 

Granulocyte Series (Neutrophil, Mosinophil, Basophil): 
Myvyeloblasts 
Promyelocytes 
Myelocytes 
Metamyelocytes 
Juvenile forms 
Stab forms 
Segmented forms 

“rythrocyte Series: 
Megaloblasts 
Karly erythroblasts 

Intermediate (polychromatic) erythroblasts 

Late erythroblasts 

Normoblasts 
Megakaryocyte Series: 

Megakaryoblasts (mononuclear) 

Megakaryocytes 

Degenerating forms 
Cells of the Reticuloendothelial System: 

Reticular forms 

I:ndothelial forms 

Wandering forms 

Primordial cells (corresponding to so-called hemohistioblasts, hemo- 

cytoblasts, lymphoidocytes, ete.) 

Lymphocytes and plasma cells 


7, 
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Attention is also given the following: 1. The general arrange- 
ment of the hemopoietic pattern. 

2. The activity of one or another of the cell series, as indicated 
by increase in numbers of immature forms and mitotic figures. 

3. A hypoplasia of any or all of the cell series. 

4. A defect in development of a series (maturation arrest) indi- 
cated by the degeneration or absence of maturing and mature forms. 

5. The presence of focal necroses with special note of the type 
of cell response in the periphery of such necroses, and the presence 
or absence of bacteria in the necrotic center. 

6. The proliferation and phagocytic activity of cells of the 
reticuloendothelial system, or their tendency to differentiate toward 
one or another cell type. 

7. The replacement of hemopoietic tissue by cells foreign to the 
bone marrow (lymphocytes, plasma cells, tumor cells, ete.). 

S. Evidence of gelatinous degeneration (distinguished from 
edema”) or of osteitis fibrosa. 

Il. Smear. The value of the marrow film lies in the comparison 
of obscure cell types found in the peripheral blood with cells of 
the marrow, staining technique being alike. A differential count 
should be performed in a manner similar to that used with the 
blood film. Bacterial stains may be applied to the smear with 
much more ease than to sections and should be done in all cases; 
‘are must be exerted, however, to use freshly cleaned slides and to 
make the smears before there is chance of contamination of the 
material. At this point it might be well to mention the value of 
bacterial culture; this must be done at the operating table. 

III. SupRAvITALLY STAINED PREPARATIONS. It is not within the 
scope of this paper to discuss in detail the staining properties and 
means of identification of cells stained by this method. The same 
principles are applied to cells of the blood-forming organs as to 
those of the circulating blood. Reference is made to the articles 
of Doan, of Forkner, of Hall and of Tompkins. 

IV. Cutture. This procedure may be of some value when cells 
of the circulating blood are so undifferentiated that their positive 
identification on morphologic grounds is impossible. At least 12 
cultures should be prepared and placed in the incubator, immediately 
after the tissue is removed; in addition to frequent observation under 
the warm-stage microscope, a culture should be fixed at convenient 
intervals of from 6 to 12 hours and stained by the method used on 
the blood films. 

Dangers of Biopsy. ‘The dangers are those attendant upon any 
surgical procedure, chiefly the possibility of introducing infection 
into the myeloid cavity. The author has not encountered a report 
of ill-effect of this procedure and in his own cases he has never had 
any reason to regret the biopsy. ‘Tuschinsky and Kotlarenko report 
57 sternal punctures without discomfort to the patients. In the 
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author's series of trephines the incision in all has healed by first 
intention; the several that have been examined at necropsy have 
shown no inflammation at the site of biopsy. Patients have not 
complained of pain during the operation, nor of discomfort other 
than slight “soreness” thereafter. 

Limitations of Biopsy. ‘The clinician who anticipates from the 
pathologist a definite diagnosis in every case upon which biopsy is 
performed is doomed to many disappointments —such is often 
impossible. The diseases that present a specific marrow picture 
upon which a definite diagnosis can be based are comparatively 
few. Although the marrow picture may not be specific per se, an 
intelligent correlation of the clinical and peripheral blood features 
greatly widen the possibilities of the procedure. 

Value of Biopsy. I)isease of the hemopoietic system can occur 
without demonstrable change in the blood picture; others may 
present in some phases of their course an extremely puzzling clinical 
and hematological syndrome; these are the type cases that show 
sufficient alteration in the blood-forming organs that a definite 
diagnosis is made possible by bone marrow biopsy. Again, many 
diseases, not primarily related to the hemopoietic apparatus, pro- 
duce changes in the blood picture that are deceptive (reference is 
made especially to the differentiation between leukemoid reactions 
and leukemia, between secondary granulocytopenia and the disease 
agranulocytosis [Figs. 1 to 4], between the various types of pseudo- 
pernicious anemia and true pernicious anemia, etc.), thus altering 
the prognosis in many cases. 

Aside from the diagnostic features, the course of a given disease 
can be followed by repeated biopsy; new light may be thrown on 
the nature of the diseases of the hemopoietic system through study 
of the bone marrow /n vivo. 

Summary. A method for biopsy of bone marrow and for exam- 
ination of material removed thereby is presented. The dangers, 
limitations and value of the procedure are mentioned. 
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THE various types of leukemia are blood-stream expressions of 
a disease involving the hematopoietic system in whole or in part.! 
The leukemic blood picture is a fluid metastasis.2. The abnormal 
cells found in the blood in a leukemia also are found more or less 
throughout the hematopoietic system. A so-called “aleukemic” 
period probably precedes the appearance of a leukemic blood pic- 
ture. Such infiltrations as may be found in various organs and 
tissues are made up of the type cell of that particular case. Each 
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case of leukemia has individuality, a more or less characteristic 
cell classifies it, and this characteristic cell and the individuality 
point to abnormality. For example, in a myeloid leukemia, one 
finds that the abnormal myeloblastic type of cell, which charac- 
terizes it and is commonly used to name and classify it, Is one 
which resembles a cell type normally found somewhere along the 
differentiation chain between the most primitive myeloblast and 
the myelocyte. There are myeloid leukemias in which the pro- 
liferating abnormal cell is so primitive as scarcely to be recogniz- 
able, perhaps to be called merely a stem cell; and other cases may be 
characterized by cells resembling normal types up to the myelo- 
eyte, but none beyond the myelocyte. There are no preleukocytic 
or polymorphonuclear leukoceytic leukemias. There are no leu- 
kemias beyond the stage of differentiation when mitosis ceases 
(the myeloeyte) and differentiation continues by aging only. 
Histologic study of normal marrow shows mitotic division going 
on from the primitive stem cell through the phases of differentiation 
up to and including the young myelocyte. This end point of mi- 
totic division is also the normal dividing line between marrow and 
circulating blood. Ina leukemic state active mitotic division often 
is found in the abnormal cell which characterizes it in sections of 
marrow and involved fixed tissue. I have reported® a case of 
acute myeloblastic leukemia in which all phases of mitotic division 
in the characteristic cell of that particular case were found in the 
peripheral blood. Bowcock and Bishop* reported a case in which 
they found mitotic figures in peripheral blood and thought that 
many of them were in leukoblasts. | have had the privilege of 
studying the original smears and agree with them that most of the 
cells, as illustrated in their paper, are leukoblasts undergoing 
mitotic division. Boweock with Dickson has reported a second 
case,®° smears from which also I have studied and photomicrographed. 
Rabinovici® reported a case which, while not illustrated, by descrip- 
tion undoubtedly belongs in this group. The first paper which 
comprehensively approaches this topic is that of Dock.? He col- 
lected cases of leukemia in which mitotic figures had been reported 
found in the peripheral blood. Some of these reports undoubtedly 
referred to erythroblasts, others probably to leukoblasts, and in 
his own illustrated cases some are erythroblastic and others indubit- 
ably leukoblastic, although he did not definitely separate them. 
Directly after the appearance of my report, Dr. Raphael Isaacs, 
in a personal communication, called my attention to the fact that 
the cells illustrated by me were haploids; that is, contained half 
the full somatic number of chromosomes to be expected in human 
blood cells (48) and directed me to a discussion by him’ in which 
he stated he had found similar cells ina leukemia. In this diseus- 
sion he ventured the suggestion that the haploidal character of 
the cells might explain their abnormalities and seeming inability 
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further to differentiate into more mature types. He tells me his 
case is soon to be reported. 

I present 6 additional cases, and so far as can be determined, 
in all of these the cells in mitotic division are haploids. Well 
over 200 leukemic cells undergoing mitotic division, from 12 different 
cases, have been studied and photomicrographed. In those in 
which the chromosomes could be estimated or actually counted, the 
number was found to be usually 24, or of the order of 24 rather 
than 48, indicating them to be haploids. A few with irregular 
chromosome numbers were found, as might be expected, but in none 
did I find what appeared to me to be the full somatic (2,) num- 
ber of chromosomes. From Dr. Wiseman’s case, in which mitotic 
figures were found by me, and the illustrations used herewith 
through Dr. Wiseman’s kindness, myeloid cells undergoing mitotic 
division are shown in complete series from prophase to telephase. 
(Plate I.) In the 12 cases studied, the mitosis is found in the type 
cell characteristic of the case. The captions for the selected illus- 
trations on Plates I and II I believe are sufficiently clarifying and 
attention is directed to them. 

Discussion. In my former paper’ | drew the following as one of 
the conclusions: ‘“ Mitotic division in leukemia cells in peripheral 
blood is added evidence of possible relationship between leukemia 
and malignancy.”’ From the literature and these illustrated cases, it 
seems likely that in the leukemic states there is often active irregular 
mitosis in the type cell in the peripheral blood as well as in the 
marrow, lvmph nodes, spleen and tissue infiltrations. The simi- 
larity to the malignancies is further emphasized. We have in the 
leukemic states an abnormal cell which typifies the case, which 
proliferates without differentiating, in which active mitosis is found, 
the active mitosis being found also in the fluid metastasis in the 
blood stream when that picture is present. It has long been 
recognized that leukemic cells are abnormal and immature. The 
degree of apparent maturity varies as in the malignancies. The 
resemblance of the abnormal cell types to the normal prototypes 
varies as in the malignancies, and in each is sometimes difficult to 
recognize. In both the cells are often imperfect and bizarre. 

The leukemias have been grouped apart from the sarcomata 
largely because of the definite tendency for the abnormal growth 
to cling to the hematopoietic system, perhaps only infiltrating here 
and there; but one finds in the leukemic states, such as the chlo- 
romas, certain types of sarcomatous lymphoblastomas and myelo- 
blastomas, both the invasive tumor and the leukemic blood picture. 
One of the cases shown herewith is definitely of that type. James’ 
reports such a case in which mitotic figures were found in the 
peripheral blood. Through Dr. James’ kindness, I have had the 
privilege of studying and photographing the films of this case also. 
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Blood cells are highly specialized. Early in embryonic life they 
are differentiated in the mesoderm. — It is essential that one of their 
early and firmly fixed characteristics should be that they stay within, 
or normally find comfortable environment only within, the hema- 
topoietic system, at least until maturity. One may perhaps con- 
clude that when abnormal and immature and invading the blood 
stream before their time has come they should rarely find a suitable 
environment outside the system itself, and therefore rarely succeed 
in other tissue to the extent of actual invasive tumor formation. 
Instead of this being a differentiation from the malignant tumors 
generally, it is a similarity more striking because of the highly 
differentiated character of blood cells in a closed system. All 
tumors at first are local, seem to spread more rapidly and easily 
in their own type of tissue, and, when they do metastasize, often 
have certain tissues into which they most readily choose to go. 
Sarcomas with hematopoietic system and blood stream metastases 
and leukemias with general tissue metastases of invasive nature 
seem closely related and for somewhat similar reasons are equally 
rare, 

The fact that at least some leukemia cells are haploids may be of 
considerable importance form a biologic and a pathologie standpoint. 
In a general consideration of the possibilities one should keep in 
mind the fact that by mitotic division living matter is perpetuated 
and characteristics are transmitted from generation to generation. 
The nucleus of the typical cell is its center of control for growth 
and development. A resting nucleus has definite structure with a 
limiting membrane and shows a network of chromatin. The chro- 
matin granules which make up this nuclear network seem to be 
the instruments for transmission of specific qualities or character- 
istics from cell to cell and, in the higher forms, from parent to 
offspring. In the cytoplasm of a typical cell resting near the 
nucleus is a small body called the centrosome. This organ seems 
to be the controlling factor for mitotic division of the cell. The 
first recognizable step in mitosis is division of the centrosome into 
two parts. These daughter centrosomes separate and show a radi- 
ating halo of fine lines and as they move to opposite sides of the 
nucleus the radiating lines between them are prolonged, forming a 
bundle of delicate fibers like lines of force. This bundle is called 
the spindle. Directly after the division of the centrosome the 
nucleus begins to show changes, the chromatin network becomes 
coarser and more definitely separate and its granules gradually are 
arranged in a continuous thread, typically a tangled skein, called 
the spireme. This thread soon breaks up crosswise into a number 
of segments, usually an even number, called chromosomes, and the 
number of these segments is constant for all somatic cells of a 
given species. By this time the nuclear membrane has disappeared. 
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The chromosomes now separate and are drawn to the center of the 
spindle and arranged ina plane at right angles to the spindle mid- 
way between the two centrosomes to form what is called the equator- 
ial plate. This marks the end of that preliminary stage of mitosis 
alled the prophase. Now each chromosome separates into 2 parts, 
splitting longitudinally in such a manner as to give an even division 
of chromatin, forming two sets of chromosomes parallel to one 
another along the equatorial plate. This is the metaphase. The 
two sets of daughter chromosomes now start to move in opposite 
direction along the spindle to the poles and then arrange themselves 
around each daughter centrosome so that each centrosome becomes 
the possessor of a full set of daughter chromosomes, the same number 
as in the mother cell. This period of shifting is called the anaphase. 
The last stage, telophase, now follows, featuring reconstruction of 
the 2 daughter groups of chromosomes into resting nuclei, chromo- 
somes becoming indistinct with granules scattering to rebuild chro- 
matin networks, and new nuclear membranes form. Meanwhile 
the cytoplasm becomes grooved at the region of the equatorial 
plate, and it finally cleaves, forming 2 finished daughter cells. 

Chromosomes carry the genes which determine the characteristics 
of the individual and transmit the characteristics from cell to cell 
and from generation to generation by mitosis. If a chromosome is 
damaged or experimentally removed, definite characteristics are 
lost. The fertilized ovum, however, and every cell descended from 
it, has a double set of chromosomes, | set from each parent, and, 
therefore, all cells of the soma are called diploids. A haploid is a 
cell containing half the full somatic number. There are normal 
haploids. In spermatogenesis and odgenesis. by somewhat different 
but essentially similar processes, the number of chromosomes in the 
sperm and ovum is reduced one-half to the haploid number. A 
fertilized ovum has received 1 haploid group of chromosomes from 
‘ach parent through union of sperm and ovum, and transmits this 
double number to the cells of the entire body structure by mitotic 
division. Certain plants, the mosses and ferns, have alternate 
generations which differ markedly in function and appearance. The 
members of 1 generation are comparatively large, conspicuous 
plants whose cells are diploid. Those of the alternate generation 
arising from the germination of spores from the preceding one are 
tiny and inconspicuous, but possess reproductive organs capable of 
forming, the equivalent of sperm and ovum for procreation of the 
commonly recognized form again in the next generation. The 
individuals of this inconspicuous generation are haploids. 

Haploidal cells do occur accidentally and usually have a complete 
half set of chromosomes. They are easily injured, their vitality 
seems impaired and their lives are short. Normal haploids posses- 
sing a full half set of chromosomes must not be confused with cells 
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Piate I. —(FRoM ORIGINAL PHOTOMICROGRAPHS. 1200.) 
Selected series of mitotic figures in progressive stages, prophase to telophase, in pro- 
myelocytes from blood; chronic myeloid (promyelocytic) leukemia. (Dr. Wiseman’s case.) 
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Puate II.—(From OriGinat PHoroMicroGRaPus. X 1200.) 
Figs. 1 and 2.—From a very chronic myelocytic leukemia, showing mitotic myelocytes. 
Figs. 3 and 4.—From a chronic myelocytic leukemia, showing mitotic myelocytes. 
Fic. 5.—From an acute myeloblastic leukemia with invasive myeloblastomata, with 
mitotic cells of same type in blood and tumor. 
: Fig. 6.—From an acute myeloblastic leukemia, showing mitotic myeloblasts. 


Fies. 7 and 8.—From a chronic promyelocytic leukemia with mitotic promyelocytes. 


& 
| 


GROAT: LEUKEMIAS SHOWING HAPLOID LEUKOBLASTS 629 


in which half of the number of individual chromosomes may have 
been destroyed in their entirety. When a whole chromosome is 
destroyed important characteristics are lost. Defectives and mon- 
sters result. If certain chromosomes from sperm (or unfertilized 
ovum) are damaged or destroyed, breaking the pair in the fertilized 
ovum, weaknesses and defects develop. 

In cases of leukemia in which haploidal leukoblastic cells are 
found it would be of great interest to know where the reduction in 
the number of chromosomes took place, why it took place and how 
the reduction was accomplished. 

Summary and Conclusion. 1. Six additional cases of leukemia 
with leukoblasts undergoing mitosis in circulating blood are pre- 
sented. 

2. It is notable that in each instance the mitotic division is going 
on in the typical cell characterizing the particular case. If the 
case is a highly primitive myeloblastic leukemia, mitosis is in the 
highly primitive myeloblastic cell; if it is a promyelocytic type of 
myeloid leukemia it is in the promyelocyte; and if myelocytic it is 
in the young myelocyte. 

3. Attention is directed to the fact that leukemias and leukemic 
states can arise only from cells within the differentiation periods in 
which division by mitosis is normally found. We do not have 
leukemias beyond that point; that is, bevond the young myelocyte, 
after which differentiation takes place by aging. 

4. The important finding of Isaacs that cells undergoing mitotic 
division in a human leukemia were haploids is further amplified by 
additional cases, no leukoblastic mitotic figures being found in cases 
studied which had the full somatic number of chromosomes. 

5. Many similarities between the leukemic states and malignan- 
cies are shown and some of the supposed differences in a way 
accounted for. 
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OnE of the important functions of the liver is the detoxication of 
noxious substances that are either ingested or arise in the gastro- 
intestinal tract. Of the detoxication processes, the conjugation 
mechanisms are of particular interest because not only does the 
organism apply these to a wide variety of substances, but also 
because these mechanisms seem to be definitely interrelated with 
various normal physiologic functions. Thus, the writer! has recently 
found that many aromatic acids, such as benzoic acid and phenyl- 
acetic acid, will produce a marked decrease in the excretion of uric 
acid, and the duration of this inhibiting effect coincides with the 
time required by the organism to conjugate and eliminate the par- 
ticular drug. ‘Thus, since any impairment of a detoxication mechan- 
ism is apt to bring about a disturbance in normal physiologic 
processes, the importance of determining the efficiency of the 
conjugation mechanisms becomes apparent. 

The conjugation of benzoic acid with glycin to form hippuric 
acid is undoubtedly the best known and the most thoroughly 
studied of all the detoxication mechanisms; nevertheless, it has 
received comparatively little attention in clinical medicine. The 
reason for this can probably be found in the fact that, due to the 
discovery of Bunge and Schmiedeberg? that in the dog hippuric 
acid is synthesized only in the kidney, almost all subsequent workers 
tacitly assumed that in man likewise the formation of hippuric 
acid depended primarily on the kidney. This resulted in various 
efforts to utilize the conjugation of benzoic acid as a test of kidney 
function. Bryan* is the only investigator who has studied the 
synthesis of hippuric acid in human subjects with hepatic involve- 
ment. Unfortunately the analytical methods available to Bryan 
were tedious and somewhat unsatisfactory; nevertheless, his results 
definitely indicated that liver damage did influence the conjugation 
of benzoic acid. 


* This work was aided by a gift of Mrs. John L. Given in support of surgical 
research. 

t A preliminary note of this work was published (Proc. Soc. Exp. Biol. and Med., 
1932, 29, 1204). 
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It is quite probable that in man, as in the rabbit,4° the synthesis 
of hippuric acid also takes place in the liver. Furthermore, the 
writer® has demonstrated that the rate of the synthesis of hippuric 
acid is dependent upon the speed with which the organism furnishes 
glycin. Irrespective of the amount of benzoic acid administered, 
the quantity of hippuric acid excreted per hour (in the absence of 
exogenous glycin) is relatively constant, indicating a a definite maxi- 
mum capacity of the organism to synthesize glycin. Since it is 
commonly accepted that glycin is formed in the liver, it seemed 
probable that certain types of liver damage might produce impair- 
ment of this synthesis, which should result in a diminished output 
of hippuric acid. On this basis a new test of liver function was 
developed. 


The Test. Five and nine-tenths grams of sodium benzoate dissolved 
in 30 ce. of water is administered | hour after a breakfast consisting of 
coffee and toast. The patient is then given } glass of water. Immediately 
after taking the drug the patient voids, and then collects complete hourly 
specimens for 4 hours. These are preserved with toluene, and hippuric 
acid determined in each specimen. In normal adults the output of benzoic 
acid as hippurie acid is approximately 1 gm. or more during the second 
and third hours, and the total for the 4 hours is from 3 to 3.5 gm. 

For clinical purposes a simple method has been developed which will 
be described as Method 1. If greater accuracy is desired the formol method 
previously described by the author’ is recommended. In the present work, 
hippuric acid was determined by both methods, and the results obtained by 
the simpler clinical method agreed satisfactorily with the formol titration 
method. No substances have been ene ountered which interfere with 
either method. 

Method 1. Simpler Clinical Method. Each hour specimen is measured, 
transferred to a small beaker and acidified with concentrated hydrochloric 
acid until acid to Congo red; 1 ec. of the acid is usually sufficient. The 
solution is vigorously stirred until the precipitation of the hippuric acid 
is complete, and then is allowed to stand for 1 hour at room temperature. 
The precipitate is filtered off on a small Buchner funnel or a filter plate, 
washed with a small quantity of cold water and allowed to air dry. The 
hippuric acid thus obtained is either weighed (to the second decimal place, 
which is sufficiently accurate) or titrated with 0.2 N sodium hydroxid, 
using phenolphthalein as indicator. To obtain the total hippuric acid, one 
must add to the amount thus obtained the calculated quantity remaining 
in solution; 100 ce. of urine will dissolve 0.33 gm. of hippuric acid. In case 
any specimen exceeds 125 cc. it should be slightly acidified with acetic acid 
and concentrated on the water bath to about 50 cc. before precipitating 
the hippuric acid. The results are best expressed in terms of benzoic acid. 
To convert hippuric acid to benzoic acid, one multiplies by 0.68. 

Method 2. This determination depends on the isolation of hippuric 
acid from the urine by extraction with ether, and subsequent hydrolysis 
by means of hydrochloric acid. The glycin thus liberated is determined 
by the well-known formol titration: 5 to 10 cc. of urine are transferred to 
the extraction tube of a continuous extractor,* 1 cc. of 5 N sulphuric acid 
and 2 drops of 10 per cent sodium tungstate added. The sample is extracted 
with ether for 90 minutes. The ether is removed by distillation, 10 ec. 


* The extractor used is described Industrial and Engineering Chem., Anal. Ed. 
1933, 5, 76. 
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of 20 per cent hydrochloric acid is added to the crystallin residue, and the 
flask is connected with an air condenser. The solution is refluxed on a hot 
plate for 1 hour, and then is transferred to a small dish, and evaporated to 
dryness on a water bath. The residue is dissolved in about 20 ec. of hot 
water, a small amount of decolorizing charcoal (norit) added, and the 
solution filtered. The residue is washed several times with hot water. One 
drop of 1 per cent neutral red indicator is added to the filtrate, which is 
then neutralized to pH 7. At this pH neutral red is slightly pink, 7. e., 
midway between yellow and red. Six drops of 1 per cent phenolphthalein 
and 10 ce. of neutralized 40 per cent formaldehyd are added, and the 
solution titrated with 0.1 N sodium hydroxid until the deep red color matches 
the standard, which is prepared by mixing 20 cc. of distilled water, 10 cc. 
of neutralized formaldehyd, 6 drops of phenolphthalein, 1 drop of neutral 
red and 0.3 ce. of 0.1 N sodium hydroxid. Since 1 ee. of 0.1 N sodium 
hydroxid is equivalent to 1 ec. of 1 N glycin, the titration value, corrected 
for the 0.3 ce. blank, can be converted directly either to hippuric or benzoic 
acid. 


Discussion. [rom the results obtained in the present study it 
can be definitely concluded that the synthesis of hippuric acid is 
strikingly diminished in several types of liver diseases. In the 
series of cases investigated, catarrhal jaundice and luetic cirrhosis 
gave consistently low results, cholecystitis without jaundice showed 
a normal output, while obstructive jaundice gave somewhat less 
consistent results. ‘wo cases giving a history of common duct 
stone with spontaneous recovery vielded normal results, but patients 
with a progressively deepening jaundice in which the etiologic factor 
was usually a neoplasm gave low results, and in 1 extreme case 
(Case 7) an excretion of only 0.56 gm. of benzoic acid in 4 hours 
was obtained. Two cases of nonluetic cirrhosis gave normal results. 
A diminished output of hippuric acid was found in a number of 
patients with an enlarged liver in which the diagnosis was doubtful. 
One case of pernicious anemia with an enlarged liver showed a 
decided impairment, and another patient with a large tender liver 
and an incidental alkaptonuria likewise gave a low output. It 
should be noted that a marked increase in the excretion of hippuric 
acid was obtained by feeding glycin to those cases showing impair- 
ment of the conjugating mechanism. 

Bryan,’ who in his study of sodium benzoate as a test of kidney 
function included a small series of cases with hepatic involvement, 
recorded a definite reduction in the excretion of hippuric acid in 
several of these patients, but he apparently failed to appreciate the 
significance of his results. One of his patients with toxic jaundice 
following arsphenamin gave distinctly low results. It is highly 
probable that this type of case will consistently have a low output. 
In 2 cases of toxic jaundice, not recorded in the table, a diminished 
excretion of hippuric acid was noted, but as vomiting occurred, it 
was difficult to determine how much sodium benzoate had been 
retained. 

Vomiting is one of the difficulties encountered when the test is 
applied to toxic patients. In other patients it occurs only rarely 
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and it is greatly minimized by allowing a light breakfast prior to 
the test. In sensitive patients it is probably best to employ a 
smaller dose of sodium benzoate. The other disadvantage of the 
test is that it cannot be applied to cases of nephritis with nitrogen 
retention, since hippuric acid behaves like other nitrogenous excre- 
tory products. Fortunately this complication is not frequently 
encountered in the ordinary liver cases. 

‘rom the data in Table 1 one is led to conclude that the new test 
not only discloses liver impairment, but actually promises to furnish 
an approximate quantitative measure of the amount of damage 
sustained. In defense of this test, an adequate answer can be 
given to the two stereotyped objections that are levied against 
every liver test, namely, that the reserve power of the liver is so 
great that impairment of function can only be demonstrated after 
extensive damage has occurred, and that the functions of the liver 
are so numerous that a test of any one of them fails to give reliable 
information concerning the state of the organ as a whole. While 
the reserve of the liver as measured by the amount of the organ 
that can be removed surgically without causing death is very great, 
it must not be forgotten that certain mechanisms of the liver are 
so delicate that there is practically no margin of safety. Smyth 
and Whipple® found that a dose of chloroform, so small that no 
morphologic changes of the liver epithelium were produced, never- 
theless caused a distinct reduction in the excretion of bile acids. 
The writer likewise has found that in dogs a light chloroform 
anesthesia will result in a marked diminution in the output of 
glycuronic acid. The test itself demonstrates that the mechanism 
concerned with the synthesis of glycin has little reserve, for the 
marked reduction in the excretion of hippuric acid in catarrhal 
jaundice is out of all proportion to the amount of structural change 
observed in this disease. 

While the test measures only one mechanism of the liver, it must 
be realized that the various functions of this organ are not distinct 
and independent, but are closely interrelated, so that an injury 
to any one mechanism is apt to affect several others as well. Many 
examples of this interlocking of functions can be cited. Thus, the 
synthesis of amino acids such as glycin, on the one hand, depends 
on a precursor which is presumably derived from the metabolism 
of carbohydrates, while the formation of bile acids, on the other 
hand, requires an ample supply of glycin and taurin. Furthermore, 
it is quite probable that the so-called detoxication mechanisms are 
in reality mainly concerned with normal metabolic processes, and 
the conjugation of abnormal substances is only an_ incidental 
function. For example, the mechanism that synthesizes glycocholic 
acid, 7. ¢., brings about the conjugation of cholic acid with glycin, is 
probably the same which effects the union of benzoic acid with 
glycin. It is significant that obstructive jaundice, which brings 
about a decrease in the formation of bile acids, as has been noted 
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by Greene, Walters and Fredrickson,’ Ravdin'® and others, also 
causes a reduction in the output of hippuric acid. As a further 
parallelism, the production of bile acids and of hippuric acid does 


TABLE 1.—Tue Excretion or Hippuric Acip IN Cases OF Hepatic 
INVOLVEMENT. 


= Excretion of hippuric acid 
FI 5. in terms of benzoic acid 
- S _- - 
1 36 0 0 0.55 0.76 OS4 O84 2.99 Normal weight, 52 kg 
2 55 0 0.55 0.96 1.03 1.01 3.55 Normal weight, 58 kg 
3 29 0 0 O.85 1.11 063 O61 3.20 Normal weight, 78 kg 
4 2 0 38) 0.21 0.54 040 0.32 147 Luetic cirrhosis; marked 


secondary anemia 
5 16 + 9* Delay 36 «0.31 033 O47 040 1.51 Luetie cirrhosis 
6 51 0 0.11 0.28 039 O31 1.09) Luetic cirrhosis with ascites 
0.48 0.70 0.51 044 2.13 3 gm. glycin given 


7 68 SI. 90 Imme 34. «(0.138 0.16 0.183 O14 0.56 Carcinoma of head of pan- 
creas (clinical). 

Ss 44 + 100 Imme : 068 065 0.50 183 Carcinoma with metastasis 
to liver 

” 60 + + 0.24 0.55 0.73 OSO 232 Carcinoma with metastasis 
to liver 

100 55 + 6 0.48 0.60 064 069 241 Bronzing of skin; mass in 
mediastinum 

11 40 + + ; ; 0.48 060 0.37 0.75 2.20 Tumor of liver close to com- 
mon duct; laparotomy 2 
yrs. ago 

12 51 + 0 38) 0.22 1.26 O84 O52 2.84 Hypertrophic cirrhosis (clini- 
eal); mass in U.L 

13 49 0 0 : .. 037 146 0.54 061 2.98 Atrophic cirrhosis with ascites 


(autopsy). 
14 41 Sl 70 Imme. 35 0.29 1.07 0.95 0.94 3.25 Common duct stone; sponta- 
neous recovery 


15 0 50 34. 046 0.97 1.09 044 2.96 Common duct stone; sponta- 
» neous recovery 
16 | 55) Si. + Imme .. 037 063 063 0.55 2.18 Cholecystitis and cholelithi- 
asis 


0.30 0.37 0.38 0.49 1.44 10 days later; jaundice com- 
pletely cleared up 


17 37 sl 65 047 O43 045 O17 1.52 Stricture of common duct 
IS 42 0 3 0.71 1.01 OSS 0.56 3.16 Cholecystitis (subacute) 
19 45 0 0 O84 O79 1.20 060 3.43 Cholecystectomy 1 yr 
20 10 0 0 0.48 1.01 1.60 0.50 3.59 Cholecystitis (chronic) 
21 42 0 0 0.85 0.70 0.67 0.53 2.75 Cholecystectomy 6 mos 
22 40 0 0 0.51 148 O9S 0.16 3.13 Cholecystectomy 5 mos 
23 35 0 0 ; 0.38 0.99 L117 O72 3.26 Cholecystectomy 1 mo 
24 33 0 75 Imme. 32 0.21 0.47 0.67 0.75 2.10 Catarrhal jaundice 
20 29 0 8O Imme 0.16 0.35 044 O37 1.32 Catarrhal jaundice 
0.48 0.60 063 0.57 2.28 2 days later; 2 gm. glycin 
given 
0.24 0.35 0.30 0.47 1.36 14 days later a 
26 25 0 70 Imme. 047 065 0.36 0.90 2.38 Catarrhal jaundice 
0.67 1.34 0.95 0.18 3.10 2 days later; 3 gm. glycin ‘ 
given 
= 0.48 045 046 0.75 2.14 4 days later 
24 27 0 + aii -. 027 0.57 O84 0.42 2.10 Catarrhal jaundice. 
0.65 0.99 0.98 0.59 3.21 Complete clinical recovery, | ; 
mo. later j 
28 56 + #75 Imme 0.35 1.12 1.18 0.34 2.99 Cholelithiasis. ; 
0.11 1.32 1.43 6 days later. 
20 + 0.11 0.50 0.62 0.43 1.66 Sudden onset of U.R.Q. ten- 
derness and fever; alkapto- 
nuria 
30 38 30 0.33 0.43 0.55 0.53 1.84 Pernicious anemia. ; 
0.39 1.14 094 0.58 3.05 3 days later; 3 gm. glycin i 
given. 4 
31 |. 0 0 030 O80 0.63 1.63 3.36 Pernicious anemia. 
32. 36 0 0 we a 115 0.90 1.35 0.24 3.64 Mild hepatitis following ars- q 
phenamin 
dD 0 0 065 O84 066 O78 2.03 Luetic aortitis. 
t 0 38 0.29 1.32 O86 0.54 3.01 Hypertension; mass in 
35 «61 0 0 1.32 0.56 0.19 2.96 Alcoholic neuritis 
36 - 0 0 oe .. 065 O54 1.05 O85 3.39 Myasthenia gravis. 
| 


* Icterus index. 
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not immediately return to normal after the relief from the obstruc- 
tion but is definitely delayed. Case 16, in fact, showed a distinctly 
lower output of hippuric acid after the jaundice had disappeared. 
The relief of biliary stasis does not necessarily mean an immediate 
restoration of the liver to the normal state, but with the exception 
of the hippuric acid test there is no simple method for determining 
when complete recovery has taken place. The usefulness of the 
test is illustrated by Case 27. The first test was performed at the 
time when the patient had practically recovered; nevertheless, she 
showed a definitely diminished excretion of hippuric acid. A month 
later, however, she was entirely normal. 

Since the synthesis of hippuric acid constitutes a measure of a 
protective mechanism of the body, the test should become useful 
to the surgeon in his choice of anesthesia, in his pre-operative care 
and his preparedness for emergencies. For the internist it should 
prove equally valuable, since a diminished excretion of hippuric acid 
should be a contraindication for arsphenamin, cinchophen, neo- 
cinchophen and other drugs having potential hepatotoxic properties. 

While the results thus far obtained are suggestive of the usefulness 
of the test as an aid in the diagnosis of hepatic diseases, a compre- 
hensive estimate of its scope can only be made after a larger series 
of cases has been studied and a correlation with other tests and 
autopsy findings has been made. The fact that luetic cirrhosis 
shows such a distinct diminution in the synthesis of hippuric acid 
inakes it seem probable that the test may become useful in detecting 
early syphilis of the liver, as well as the dormant type which is now 
rarely detected. 

Summary. A simple test for liver function, depending on the 
excretion of hippuric acid following the administration of sodium 
benzoate, is described. 

Diminished excretion of hippuric acid was observed in luetic 
cirrhosis, catarrhal jaundice and in obstructive jaundice of moder- 
ately long standing. Normal results were obtained in cholecystitis 
and in 2 cases of portal cirrhosis. 

The results obtained indicate that the test offers an approximate 
quantitative measure of liver damage, and a valuable aid in the 
diagnosis of liver diseases. 
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THE ROLE OF THE LIVER IN THE TOLERANCE OF THE DOG TO 
QUINIDIN. 


By Samvent Better, M.D., I. S. Ravpry, M.D., 
T. M. M.D., 


AND 


J. L. Morrison, M.D. 


PHILADELPHIA, PA. 


(From the Robinette Foundation and the Department of Surgical Research of the 
University of Pennsylvania, and the Division of Cardiology of the 
Philadelphia General Hospital.) 


Tuts study was prompted by the observation that small doses of 
quinidin sulphate administered to a patient with early unrecognized 
portal cirrhosis produced marked toxic symptoms, and that with 
continuation of the drug acute yellow atrophy of the liver developed. 
We have not found in the literature any report of a similar case, 
but have since encountered another where small doses of quinidin 
produced toxic effects. While we recognize that these events may 
have been coincidental, nevertheless, there is some experimental 
evidence to suggest that the liver may be an important factor in the 
destruction of quinin and quinidin, and may, therefore, play a vital 
role in determining the tolerance of the body to these drugs. 

Most of the published work on this problem has been done on 
quinin. Plehn,'* in 1907, found that 55 per cent to 77 per cent of 
quinin perfused through the isolated cat’s liver in the perfusing 
fluid was destroyed. Boecker,? in 1923, found that quinin intra- 
venously administered rapidly left the blood stream and was dis- 
seminated to all tissues and organs, and concluded, partly on the 
basis of Plehn’s work, that the liver continually destroyed the alka- 
loid and that the kidney continually excreted it. Since the lethal 
dose of quinin when injected into the portal vein was found to be 
2.6 times as great as when given into a peripheral vein, Roger! con- 
cluded that the liver destroyed or detoxified the alkaloid. Hatcher 
and Weiss,’ repeating the work of Plehn,'* obtained similar results. 
They performed 2 perfusion experiments with quinidin sulphate and 
found a destruction of 22 per cent and 31 per cent respectively.?° 
These 2 experiments constitute, so far as we are aware, the only 
investigation of the relation of the liver to the destruction of quinidin. 

The experimental studies cited, together with our clinical observa- 
tions, suggested that the réle of the liver in the body’s tolerance to 
quinidin might be further investigated experimentally. We have 
endeavored to investigate this question in dogs by studying: -1. in 
the intact animal: (1) The tolerance to quinidin before and after 
liver injury; (2) the tolerance to quinidin before and after Eck 
fistula and exclusion of the liver from the circulation; and (3) by 
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comparison of the effects of quinidin injected through the femoral 
vein and portal vein, and femoral vein and femoral artery; and, B. 
in perfusion experiments, the comparative rate of disappearance 
of quinidin from the circulation in heart-lung, heart-lung-liver, and 
heart-lung-hind-leg preparation. 

1. Studies on Intact Animals. Method. In all our experiments 
on intact animals, dogs were preliminarily standardized by deter- 
mining their response to a known amount of quinidin. After com- 
plete recovery, they were submitted to one of the procedures indi- 
cated above, and their response to quinidin redetermined. We 
have used two criteria for judging the tolerance of the animal to 
quinidin: (1) Electrocardiographic findings, consisting of changes 
in the heart rate and P- R intervals, and (2) the chemical determina- 
tion of the quinidin concentration in the blood. 

During all injection studies the animals were completely anesthe- 
tized. Under both ether and morphin, vagal effects somewhat 
interfered with the electrocardiographic results. Sodium amytal 
(sodium iso-amyl ethyl barbiturate), however, was found to be 
entirely satisfactory, producing an even anesthesia without inter- 
fering vagal effects, and was therefore used in all our experiments. 

We found that the continuous injection of small amounts of 
quinidin, rather than the use of a single large dose, afforded a better 
opportunity to gauge effects and also resulted in a lower mortality. 
Therefore, in all our experiments on intact animals, the quinidin 
was administered intravenously at the rate of 1 mg. per kilo of body 
weight per minute. The quinidin was dissolved in normal saline 
solution in such amounts that the total fluid introduced into the 
circulation was definitely less (usually by more than one-half) than 
the amount of blood removed for chemical analysis. In practically 
all our standardizations, where the drug was introduced into the 
femoral vein, the injections were continued for about 30 minutes, a 
duration that experience showed led to definite effects but did not 
bring about dangerously toxic reactions. During and after the period 
of injection, electrocardiograms were obtained at frequent intervals 
and at some period of the experiment, usually at the end of the 
injection, at least one sample of blood was taken for chemical anal- 
ysis. The method of determining the amount of quinidin in the 
blood was that of Weiss and Hatcher.'* 

Discussion. Several factors which apply to the general method 
will be considered. 

Accuracy of the Method of Determining the Quinidin Content of the 
Blood. In vitro, the method of Weiss and Hatcher!’ has been shown 
to have an error of not more than 10 per cent, the error when present 
usually being on the low side. We have repeatedly confirmed this 
observation. 

Assumption that Action of Quinidin ts Directly Proportional to 
Body Weight. It was assumed that the amount of quinidin required 
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to cause a given response was directly proportional to the body 
weight, because of the variations in weight of individual animals 
and of the same animal before and after operation. Of 20 stand- 
ardizations of normal animals, according to the described method, 
the values for the amount of quinidin extracted from the blood at 
the end of injection averaged 1.88 mg. per 100 ce., the lowest figure 
being 0.98 and the highest 2.72 mg. per 100 ce. of blood. In only 
6 were the figures more than 25 per cent above or below the average 
of 1.88 mg. (+29 per cent, +30 per cent, +44 per cent and —28 
per cent, —28 per cent and —47 per cent). The individual varia- 
tions and error of the method are illustrated by the blood concen- 
trations of quinidin obtained from the same animal on 2 different 
occasions before operation, the weight being the same in both in- 
stances. In mg. per 100 ec. of blood the figures were 2.9 and 2.05 mg. 
per cent, a variation of approximately 30 per cent. Allowing for 
the error in the determination of quinidin in the recovered blood 
and the variation in the response of the individual animal, we feel 
that there is sufficient consistency in these results to warrant our 
assuming that the calculation of the required amount of quinidin 
on the basis of the body weight cannot be seriously questioned. 

Effects of Alteration in Blood Pressure. Although the intravenous 
administration of quinidin produced a lowering of blood pressure 
in the normal animal, we found in a number of studies that there 
was no greater fall of the pressure after liver damage than before. 
Lowering of the blood pressure, therefore, could not account for 
the difference of the blood quinidin figures before and after liver 
injury. 

Fall in blood pressure per se we do not believe to have been a 
factor in influencing the electrocardiographic criteria that we used 
in judging the effect of quinidin. Studies made in our laboratory 
by Wood, North, and Ferguson” showed no slowing in rate or 
increase of P—R intervals of a number of dogs, the blood pressure 
of which fell greatly during spinal anesthesia and shock.” 

The Electrocardiogram as an Index of Quinidin Action. That 
quinidin produces definite effects on the electrocardiogram is well 
known.*!°:117 The decrease in rate and observed changes in 
P-R intervals when plotted in the form of curves were found to be 
fairly constant in the animals studied. One typical graph is shown 
in Fig. 3. The electrocardiographic changes usually ran parallel 
to the blood concentration of quinidin. Changes in the P-F inter- 
vals were found to be a more reliable guide than the rate, the former 
being apparently less susceptible to external influences. A slight 
difficulty arose in 3 of our jaundiced animals (Dogs 461, 386, and 
483) where, probably as a result of the liver damage and the stimu- 
lating vagal action of bile salts, the cardiac rate was diminished and 
the P-R intervals slightly increased above the corresponding pre- 
operative values. However, the increases in the electrocardiographic 
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effects that followed the introduction of quinidin into these animals 
were so definite that there was little doubt as to the direction in 
which they pointed. 

A Comparison of the Dog’s Tolerance to Quinidin Before and 
After Liver Injury. The method of damaging the liver in these 
experiments consisted in greatly increasing the intrahepatic ductal 
pressure by tying and severing the common bile duct after chole- 
cystectomy. 


Procedure. ‘his procedure resulted in a varying degree of liver damage 
and caused the development of a moderate to a severe jaundice (5 to 30 
van den Bergh units). In spite of jaundice and slight loss of weight, dogs 
subjected to this procedure appeared to be in relatively good condition for 
a period much longer than the duration of the experiment—in some instances 
as long as 3 months. 

Grossly, the livers thus damaged showed not only passive congestion 
but a definite patchy green discoloration. Microscopically, the large 
bile ducts were markedly distended as were the bile capillaries. This was 
accompanied by bile stasis within the lobule. The liver cells showed definite 
parenchymatous changes, in the form of fatty degeneration and hydropic 
vacuolization. In some livers the degeneration was so marked that it 
extended toward the periphery and definitely beyond the central groove of 
congestion. The periportal tissue was increased in all cases. In some ani- 
mals it was compact; in others, it was edematous and accompanied by 
fibroblastic and angioblastic proliferation, and contained inflammatory 
exudate. In conjunction with the above fibrosis, all the bile ducts showed 
some degree of hyperplasia. 

The standardization of the dogs before the operation was done by admin- 
istering intravenously 1 mg. of quinidin sulphate per kilo of body weight 
per minute in the form of a 1 per cent solution in normal saline. During 
the injection, electrocardiograms were taken every minute and changes in 
the rate and P-R intervals determined. The introduction of quinidin was 
continued for from 27 to 30 minutes, at the end of which time 100 cc. of 
blood were removed from the femoral artery and the concentration of 
quinidin determined. After at least 1 week, the livers were damaged and 
then in from 19 to 45 days later, the animals’ tolerance to quinidin was re- 
determined in the same manner. 

Results. In all, 7 experiments were performed by the method described 
(Table 1). In the first 2 experiments, only electrocardiographic studies 
were obtained. In the remaining 5, chemical as well as electrocardiographic 
studies before and after liver injury were made. In Dogs 110, 411, and 461, 
the heart rate after liver injury showed a decrease of from 10 per cent to 
25 per cent of that observed at the initial standardization. In Dogs 107, 
386, and 483, there was no definite change in the rate, but the P—R intervals, 
which we found to be a more reliable criterion of quinidin effect, showed an 
increase of from 13 per cent to 100 per cent. Evidence of diminished toler- 
ance was least marked in Dog 107. In this animal, the extrahepatic bile 
ducts were not completely ligated and the van den Bergh test showed a 
maximum value of only 2 units. The liver postmortem showed but slight 
damage, less than in any other animal in the group. 

The blood removed from the animals during the standardization after the 
liver injury showed an increase in concentration of quinidin in the different 
animals of from 57 per cent to 300 per cent above the preoperative figures. 
In general, the animals whiclf showed the greatest histologic change in the 
liver presented the most marked electrocardiographic signs and the highest 
quinidin recoveries from the blood at the second standardization. In Dog 
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161, the administration of quinidin after the liver had been damaged resulted 
in the early production of conduction disturbances with the eventual 
appearance of ventricular fibrillation (Fig. 1) 22 minutes after the begin- 
ning of the injection; whereas, in the same animal before operation, no major 
disturbances were observed even though the quinidin was administered for 
30 minutes. 


Comment. The possible elimination of large amounts of quinidin 
in the bile was of importance. If this was considerable, tying the 
common duct in the experiments after liver damage would result in 
the reéntry into the general circulation of the alkaloid that would 
ordinarily have been eliminated through the common bile duct. 
An experiment was performed in which an animal was given approx- 
imately 1000 mg. of quinidin sulphate dissolved in normal saline 
over a period of 6 hours through a gastrostomy opening. The com- 
mon bile duct had been intubated and the gall bladder removed. 
All the liver bile for the duration of the experiment was collected 
and a concentration of only 2 mg. of quinidin per 100 ce. of bile was 
found. In view of the small amount of bile eliminated, the minute 
amount of quinidin recovered after the introduction of such a large 
quantity by stomach was ignored in considering our results. 

The data from these studies indicate that under the conditions of 
our experiments there is a decreased tolerance to quinidin after 
liver injury. 

Comparison of the Dog’s Tolerance to Quinidin Before and After 
Eck Fistula With Exclusion of the Liver from the Circulation. This 
series of experiments was devised to eliminate some of the features 
which might appear objectionable in the former series. In the 
present series it was not necessary to consider any significant loss 
of weight nor were the animals jaundiced. 

Method. Dogs were standardized as in the first series of experiments by 
determining their response to 1 mg. of quinidin sulphate per kilo per minute, 
injected into the femoral vein for approximately 30 minutes, and then per- 
mitted to recover. Several weeks later an Eck fistula was performed accord- 
ing to the method of Fishbach.® The liver was excluded from the circula- 
tion by tying the hepatic artery and ligating the portal vein between the 
Eck fistula and the liver. Immediately after the operation while the dogs 
were in good condition quinidin was given in the same manner as previously 
and the results compared. Table 2 shows the findings in 3 dogs before and 
after the Eck fistula had been made. 

Results. From Table 2, it will be seen that in each instance evidence of 
a decreased tolerance was observed in the animals after production of the 
Ick fistula. The quinidin concentration of the blood was increased 120 
per cent, 160 per cent, and 350 per cent over the pre-operative value. The 
electrocardiographic responses to quinidin were definitely more marked, 
occurred earlier, and were more progressive after exclusion of the liver 
from the circulation, the P-R intervals in the 3 dogs being 35 per cent, 75 
per cent, and 53 per cent greater and the rate, with one exception, consider- 
ably slower. Dog 698 developed notching and widening of the ventricular 
complexes at 15 minutes and died with ventricular fibrillation at 22 minutes, 
whereas with the liver intact, it recovered after the quinidin had been given 
for 27 minutes. Dog 618 developed deformity of the ventricular complexes 
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at 9 minutes, and ventricular fibrillation and death at 27 minutes. Only one 
dog (Dog 10) was able to survive the calculated amount of quinidin and 
this animal lived for only an hour after the cessation of its administration. 


Comment. These animals were all standardized within an hour 
after the Eck fistula was instituted. They were in good condition 
at the beginning of the standardization and the blood sugar was 
within normal limits at the end of the experiment. It has been 
shown by Collens, Shelling and Byron*® that the blood sugar, after 
ligation of the hepatic artery under sodium amytal anesthesia, 
does not begin to fall appreciably until about 6 hours after the 
operation. Mann" has stated that although autolysis of hepatic 
tissue results in the formation of products which are extremely 
toxic, this does not occur to an appreciable degree for several hours 
after the liver is deprived of its circulation.“ In our experiments 
standardization was performed almost immediately after the opera- 
tion, too soon for the development of marked alteration in the 


clinical condition of the animal. 

The findings presented appear to indicate that with the liver 
entirely excluded from the portal circulation, the tolerance of the 
dog to quinidin is diminished even more than with a damaged liver. 

Comparison of the Effects Obtained With the Injection of Quinidin 
into the Femoral Vein and Portal Vein and Femoral Vein and Femoral 


Artery. 


The method here consisted in first injecting quinidin sulphate (1 per cent 
solution in normal saline) at the rate of 1 mg. per kilo per minute into the 
femoral vein of a dog under sodium amytal anesthesia over a period of 30 
to 35 minutes, and determining the electrocardiographic changes every 
minute and the blood quinidin concentration at or near the end of the injec- 
tion. After several weeks the same animal was subjected to the injection 
of the same quantity of quinidin per kilo per minute into the portal vein. 
Observations on the electrocardiographic changes and blood concentration 
of quinidin were made as in the femoral vein injections and the results of 
the 2 methods compared. 

Results. In Fig. 4, the electrocardiographic effects, that followed both 
methods of injection in Dog 70 are shown in the form of curves. With 
injection into the femoral vein, slowing of the rate and prolongation of the 
P-R intervals began to be evident almost immediately and proceeded rapidly 
Within 30 minutes the curve for both changes was definitely beginning to 
straighten out. Injection of the drug through the portal vein yielded similar 
electrocardiographic effects, though these began slightly later and reached 
a stationary stage somewhat more slowly: not until the injection had been 
continued for 50 minutes did the curves become entirely straight. 

Ten successful portal vein injections were performed. The results of the 
three in which blood quinidin concentrations as well as electrocardiographic 
changes were determined are tabulated in Table 3. In all 10 experiments 
we were able to give considerably more quinidin through the portal vein 
than through the femoral vein. Ly the latter route, the injection of 1 mg. 
of quinidin per kilo per minute could be continued only once as long as 50 
minutes; usually death occurred much sooner. On the other hand, intro- 
duction of the drug through the portal vein could be continued for a much 
longer period without death resulting, in 2 instances for 93 and 100 minutes. 
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In only 1 instance did the animal die as early as 50 minutes after the injec- 
tion was begun. 

The blood quinidin concentrations in femoral vein and portal vein injec- 
tions are shown in Table 3. Inasmuch as each determination required at 
least 100 cc. of blood, it was never possible to obtain more than 2 deter- 
minations during any experiment. ‘The figures shown indicate that the 
blood concentrations of quinidin in mg. per cent after 30 minutes of injee- 
tion were approximately the same, allowing for the limits of error, in both 
portal and femoral vein routes. At 60 minutes the mg. per cent of quinidin 
in the blood after portal vein injection was considerably higher in 2 dogs 
and slightly so in one than the 30-minute figures. No 60-minute figures 
could be obtained for a femoral vein injection. 

In Table 4 are presented data to show that electrocardiographic changes 
and considerable concentrations of quinidin in the blood persisted for some 
time after the termination of the injection through both the femoral and 
portal veins. Definite electrocardiographic changes were present as long 
as 50 minutes after the injection was stopped (Dog 103). As much as 2.4 
mg. per cent of quinidin sulphate were present in the blood stream 40 min- 
utes after the end of injection. In Dog 475, the electrocardiographie find- 
ings were striking. Twenty minutes after stopping the injection, practi- 
cally no recovery in the rate and ?-R intervals had taken place; and there 
were, moreover, periods of apparent intraiuricular block which were not 
in evidence before. The blood quinidin concentration had fallen in 20 
minutes only from 3.08 mg. per cent to 2.4 mg. per cent. 


TABLE 4.— PERSISTENCE OF ELECTROCARDIOGRAPHIC CHANGES AND BLOOD QUINIDIN 
CONCENTRATIONS AFTER CESSATION OF INJECTION THROUGH 
FEMORAL AND Porta. VEINS. 


& Before At end of 20 min 40 min oO min 
Sf : injection. injection after end after end after end 
ot injection of ingection ot injection 
8i8i € | sisi isis 
103. 41 Fem. 0.107 200 0.163 111 . 0.126 136 0.116 143 0.116 150 
75 53) Port. 0.107 167 0.145 130 0.132 143 2.4 
475 60 Port.0.10 176 0.160 96 3.08 0.160 SS 2.4 


* P-Rs: P-Rintervals. 
+ Quin. S.: Content of quinidin sulphate in the blood in milligrams per cent 


Discussion. That there is a greater tolerance to quinidin when 
the drug is injected through the portal vein seems evident from the 
definite fact that much larger quantities of the alkaloid can be 
introduced through this route. The statement of Roger,'® that the 
lethal dose of quinin is considerably greater when introduced 
through the portal as opposed to a peripheral vein, is true also for 
quinidin. However, we can find nothing in our experiments which 
absolutely indicates that this greater tolerance to quinidin is the 
result of destruction or detoxification of the drug by the liver, as 
Roger'® thought to be the case with quinin. The tendency for the 
blood concentration of quinidin to increase definitely from 30 to 60 
minutes during portal vein injection, and particularly the similarity 
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Dog 461. Operation. —Choleeystectomy and Ligation of Cyst Duet. 


Before operation. 1-20-30. After operation. 3-53-30. 


Before injec- 
tron, 


After injection 


} and during in- 
ction, 4min 
; 
1 
S min, 
4 12 min 
16 min. 
20 min. 
24 min. 
Respirations stopped at 21 min. 
Quinidin sulphate. Recovered, 9.6%. 
20 min. 
After injection 
Stopped, 
Quinidin sulphate. Recovered, 6.1%. 

Fic. 1.—Electrocardiograms (Lead II) taken before and after operation (cholecystectomy and ligation 
of cystie duct). Note difference in electrocardiographic findings after receiving comparable quantities 
of Guinidin intravenously at the various time periods noted. Standardization of normal animal resulted 
in steady, gradual decrease in the ventricle rate and increase in the P-—R intervals. There are no 
marked changes in the ventricular complex. After operation, note marked decrease in the ventricular 
rate and early development of conduction disturbances (at 8 minutes) leading to ventricular fibrilla- 
ion in 24 minutes. ‘ 
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Dog 698, Operation.—Eck Fistula. 


Before operation, 3-7-30. After operation, 3-17-30. 


Before injec- 
tion. Q. 


After injection. 
4 min. 


8 min. 


12 min, 


16 min. 


20 min. 


24 min. 


Respirations stopped at 21 min. 


Quinidin sulphate. Recovered, 13.9%. 


28 min. 


Quinidin sulphate. Recovered, 6.3%. 

Fic. 2.—Electrocardiograms (Lead II) taken upon normal animal and after Eck fistula with exclusi 
of the liver from the circulation. Note steady decrease in the rate and increase in the P-R interval 
in Fig. 1 before operation. After Eck fistula, note more rapid decrease in rate and early develop) 
ment of conduction disturbances at 12 minutes. Respiration stopped at 21 minutes. 
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rate 

70}. 


Fic. 3.—Graph showing changes in rate and P-R intervals before and after oper- 
ation. Change in rate before and after operation not marked, probably the result 
of jaundice. Note marked increase in effect on P—R interval after operation. 


in. 
3.9%. 
xclusi 
ferval 
develops 


= 
ji 
rs 


Aq uotjveful jo pue uot 
99] jo uondeout DION 


or 


BELLET, RAVDIN, MCMILLAN, MORRISON: 


Ob 
: 
| 


ROLE OF THE LIVER IN THE TOLERANCE OF THE DOG TO QUINIDIN 647 


of the 30-minute figures for the femoral and portal vein routes, 
does not suggest greater destruction of quinidin with introduction 
through the portal vein as the explanation of the greater tolerance 
to this drug when given by this route. The failure of the electrocar- 
diographic changes to progress after 30 minutes in the portal vein 
injection does not indicate greater destruction by the liver with 
administration through this route, for the electrocardiographic 
changes in femoral vein injections expressed as curves practically 
paralleled the similar changes in portal vein injections. The presence 
of relatively high concentrations of quinidin in the blood and the 
persistence of electrocardiographic changes for a considerable time 
after the end of injection likewise is evidence not only against a 
greater destruction of quinidin by the liver with portal vein injec- 
tion, but also against the conception that quinidin is rapidly 
destroyed after introduction through any route. 

We believe that the obvious increased tolerance in portal vein 
injections can be validly explained by the interposition of the capil- 
lary bed of the liver between the site of injection and the heart and 
vital centers. With a single injection into the femoral vein the 
resulting increased blood concentration of quinidin acts directly 
and immediately upon the heart. Ultimately the capillary: beds 
of the lungs, liver, and other organs have an opportunity to act 
upon the drug and reduce the blood concentration accordingly. In 
the portal vein route, the drug is exposed to no new or different 
capillary beds and we therefore see no reason to expect any difference 
in the ultimate blood concentrations in either route of injection. 
There is this difference, however, in the portal vein route, the blood 
with a suddenly increased quinidin content must pass the liver 
capillaries before it acts upon the heart and vital centers. ‘The action 
of the capillaries would be in preventing the heart from being exposed 
to blood, the quinidin content of which has been suddenly increased. 

The chief evidence of our experiments to support this explanation 
of the increased tolerance to quinidin with portal vein injection was 
found in the results of the injection of quinidin into the femoral 
artery, which are presented elsewhere in this paper. Apart from 
our own experiments, there is considerable additional evidence to 
support this explanation. ‘The importance of taking into considera- 
tion the capillary bed in such comparisons as we are making of the 
results of portal and peripheral vein injections has been pointed 
out by several authors.* 2! Moreover, certain work indicates 
that the capillaries adsorb quinin and quinidin. Hartman and 
Zila,’ Boecker,? and Hatcher and Weiss’? have shown that after a 
single injection of a large dose of quinin or quinidin®® approximately 
95 per cent has left the blood stream within 5 minutes. The mere 
rapidity of this removal would suggest the capillaries as a factor. 
Moreover, Hatcher and Weiss,’ after perfusing the liver with 
quinidin, readily recovered a considerable proportion of the drug 
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removed from the perfusate by simply washing out the bloodvessels 
with normal saline. They interpreted this to indicate that the drug 
had been removed by the capillaries and that it was held in a more 
or less loose chemical combination. 

The persistence of quinidin effects in the electrocardiogram is 
interesting. Although we gave large amounts of quinidin, they were 
usually not lethal. We interpret this as additional evidence against 
a rapid destruction of quinidin, for if the alkaloid is rapidly destroyed 
in the tissues or capillaries we would expect the destroyed portion 
to be quickly replaced and so lower the blood concentration. Grant- 
ing that destruction is not rapid, it would then indicate that either 
elimination is not rapid, or, if rapid, that the drug is held very 
loosely by the capillaries and is readily given up to replace the por- 
tion eliminated. 

Comparison of Results of Injections Through the Femoral Vein and 
the Femoral Artery. Our conclusion that the interposition of the 
capillary bed of the liver rather than any specific destructive or 
detoxifying action of the liver cells accounted for the greater toler- 
ance to quinidin in the portal injections was further tested by sub- 
stituting the capillary bed of the leg for that of the liver. As in 
previous studies the response of dogs to the introduction of 1 mg. 
of quinidin sulphate per kilo per minute for 30 minutes through 
the femoral vein was determined by studying the electrocardio- 
graphic changes and in one the blood concentration of quinidin. 
Some days after recovery the injection was repeated through the 
femoral artery. The latter procedure proved difficult on account of 
the tendency to thrombosis. However, we obtained two successful 
experiments, the results of one of which are shown in Table 3. 

Results. A considerably larger amount of quinidin given at the 
rate of 1 mg. per kilo per minute could be given by the femoral 
artery than by the femoral vein. In one dog, the injection was 
continued without death of the animal for 1 hour and 40 minutes. 
The blood quinidin concentration of 1.45 mg. per cent in Dog 451, 
31 minutes after the injection had been begun is quite comparable 
to the figure obtained after femoral vein injection (1.90 mg. per cent) 
and does not definitely indicate a greater destruction of the drug 
when it was injected through the femoral artery. 

Likewise, after femoral artery injection, there was a striking per- 
sistence and even increase in the electrocardiographic effects after 
cessation of the injection (Table 3). In Dog 431, the electrocardio- 
graphic effects progressed for 20 minutes after the injection had 
been ended, and in Dog 451 the maximum electrocardiographic 
effects were noted 45 minutes after the injection was completed. 

These results are entirely similar to those obtained with portal 
vein injection and suggest the same explanation of the increased 
tolerance—the passage of the drug through a capillary bed before it 
reaches the heart and vital centers acts to save these structures 
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from the effects of sudden increases in the blood concentration of 
the drug. The femoral artery injections also suggest that the capil- 
lary bed of the leg is almost as efficient as that of the liver in per- 
forming this function. 

B. Perfusion Experiments. ‘lhe perfusion experiments reported 
by Plehn'* and Hatcher and Weiss’? were performed on the isolated 
cat's liver. Perfusion of the excised liver is somewhat unsatis- 
factory at best by reason of the differences in pressure in the two 
blood supplies of the organ and because of the ease with which the 
liver cells are effected by an artificial environment. These objections 
are to some degree obviated by using the Knowlton and Starling® 
heart-lung preparation as a pump.'® With this method the perfused 
liver can be maintained in a condition which approximates normal 
for several hours. 

Three series of experiments were performed. The first was the 
determination in 3 dogs of the degree and rapidity of the disappear- 
ance of quinidin from a simple heart-lung preparation. In the next 
series the disappearance of the drug from the blood in a heart-lung- 
liver preparation was determined. Concentrations of the alkaloid 
were likewise estimated in specimens of the liver, lung and heart. 
The final series of experiments was performed on a heart-lung-hind- 
leg preparation with the object of determining the effect upon the 
blood concentration of quinidin of the introduction of a different 
capillary bed into the circulation. 

One typical protocol of each experiment will be presented. 

Protocols. /eart-lung Perfusion. After a heart-lung preparation had 
been established in a dog weighing 14 kilos, which had previously been bled 
250 ee., a total of 1000 ec. of defibrinated blood, to which was added a small 
amount of heparin, was placed in the venous reservoir. Quinidin sulphate 
(70 mg.) was injected into the tube leading to the superior vena cava during 
a period of 5 minutes. The heart became slow and irregular, the rate 
quickly dropping from 120 to 70 per minute. After 5 minutes, the heart 
became regular at a rate of 8O per minute, the rate gradually returning to 
the preinjection figure. Specimens of blood amounting to 94, 98, 93, 90 
and 102 ec. were removed at 13, 23, 33, 40, and 50 minutes respectively. 
The heart-lung preparation was still actively functioning when the experi- 
ment was terminated. 

Findings. The quinidin content of the blood specimens was as follows: 

Mg. quinidin 


Specimen. Min. after injection. per 100 ce. 
l 15 2.78 
2 23 3.11 
3 33 2.91 
4 40 2.57 
5 50 2.77 


Heart-lung-liver Perfusion. A heart-lung preparation was set up in a 
dog weighing 16 kilos with a total of 1450 ec. of defibrinated blood placed 
in the venous reservoir. The excised liver of a second animal weighing 15 
kilos, whose blood had previously been heparinized, was connected through 
the hepatic artery and portal vein with the heart-lung pump within 2 
minutes after the interruption of its circulation. A total of 100 mg. of 
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quinidin sulphate (1 per cent solution) was injected into the tube leading 
into the superior vena cava within a period of 5 minutes. Following this 
injection, the heart slowed from 100 to 72 per minute and the blood pressure 
fell from 120 to 60. Injection of 8 minims of adrenalin (1 to LOOO) quickly 
abolished these untoward effects. The perfusion was continued for 85 
minutes and the heart appeared to be in good condition during the entire 
period and maintained an average blood flow through the liver of 250 ce. 
per minute during the duration of the experiment. Specimens of blood of 
119, 104, 105, and 116 ec. were removed at 10, 30, 60, and 85 minutes, respec- 
tively. Portions of liver weighing 37, 53.5, and 35 gm. were removed at 
10, 30, and 95 minutes, respectively. Specimens of lung weighing 25 and 
23 gm. were removed at 60 and 85 minutes, respectively. The quinidin con- 
centration of the heart muscle was also determined at the end of the experi- 
ment. The total weight of the liver was 407 gm., the lungs 180, and the 
heart 161 gm. The quinidin content of the various samples are shown in 
Table 5. 


TABLE 5.—CONCENTRATION OF QUINIDIN SULPHATE IN BLoop, Liver, LUNGS AND 
Heart at VARYING PERIODS AFTER INTRODUCTION OF QUINIDIN INTO 
A Heart-LunG-LIvER PREPARATION. 


Time 
atter Blood conc ’ Liver conc., Lung conc., Heart cone, 
injection, mg. per mg. per mg. per mg. per 
Specimen. minutes 100 ce. 100 gm 100 gm 100 gm 
Dog 1: 
Ist . 10 1.239 8.692 
2d . 30 1.014 8.037 
60 1.147 7.008 
4th . 85 1.248 & 409 7.691 3.306 


Heart-lung-hind-leg Perfusion. To a heart-lung preparation in a dog 
weighing 11 kilos and to which 1000 ec. of defibrinated blood was added to 
the venous reservoir, the hind leg of another heparinized dog weighing 
12 kilos was connected through the femoral artery. Quinidin (100 mg.) 
was injected into the tube leading to the superior vena cava during a period 
of 10 minutes. Immediately following the injection the heart rate dropped 
from 130 to 60 per minute and the systolic blood pressure fell from 90 to 60 
mm. of mercury. Fairly promptly, however, the blood pressure came back 
to 80 mm. of mercury and the rate to 120. The bloodfiow through the leg 
averaged 120 cc. per minute during the course of the experiment. Speci- 
mens of blood of 103, 105, 104, and 99 ce. were removed at 7, 18, 33, and 60 
minutes, respectively. The heart-lung preparation was in good condition 
at the end of this experiment. Faradic stimulation of the muscle of the leg 
during the continuance of this experiment caused marked contractions. 
The leg and heart weighed 690 and 178 gm., respectively. 

Findings. 


Mg. quinidin 


Specimen. Min. after injection. per 100 ce. 
1 7 1.77 
2 18 1.65 
3 33 1.45 
4 60 1.54 


Discussion of Results of Perfusion Experiments. Yollowing the 
introduction of quinidin in a single large dose, there occurred a 
marked fall in the concentration of the drug within 10 minutes in 
all our experiments. Estimating the amount of blood in the heart 
and lung preparation to be 400 cc. and adding this to the 1000 ce. 
placed in the reservoir, the 70 mg. of quinidin added to this volume 
of blood would have resulted in a concentration of 5 mg. per 100 ce. 
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Within a period of 13 minutes, the concentration of quinidin had 
fallen to 2.78 mg. per 100 ce. In other words, 31.1 mg. (44.4 per 
cent) had left the blood stream and 38.9 mg. remained. 

The more living tissue present the greater is the amount of quin- 
idin removed. The figures for the heart-lung-hind-leg perfusion show 
that in 7 minutes 75.2 per cent of the injected quinidin had dis- 
appeared, and those for the first heart-lung-liver experiment indi- 
cate that within 10 minutes approximately 82 per cent had left the 
blood stream. These figures as well as those from our other experi- 
ments are similar to the results obtained by Hartman and Zila,® 
Boecker,? and Hatcher and Weiss,* who found that most of the 
quinidin, even as much as 95 per cent of the amount introduced at 
a single dose into the blood stream of an intact animal, disappeared 
within 5 minutes. 

We believe that the rapid drop in concentration resulted from the 
drug being held in the capillary bed. The combination can be 
taken to be a loose one, inasmuch as Hatcher and Weiss’ in their 
experiments were able to recover a considerable quantity of the 
drug which had disappeared from the blood stream by simply 
washing out the capillary beds. 

After the initial drop in quinidin concentration which occurred 
within 10 minutes after introduction of the drug, there was no 
further consistent disappearance of the alkaloid from the blood in 
our perfusion experiments. Moreover, specimens of liver and lung 
taken at various periods, as well as a portion of the heart muscle, 
obtained at the end of the experiment and analyzed for their quinidin 
content, show that the concentration of quinidin in all these organs 
remains practically constant during the perfusion. These results 
lead to the definite conclusion that under the conditions of our 
experiments the liver does not destroy quinidin over a period of 85 
minutes, though it is very active in removing this drug from the 
blood stream. The behavior of quinidin in our experiments is in 
marked contrast to that of strychnin in perfusion experiments 
reported by Priestly, Markowitz and Mann, where a precipitous 
decrease in the liver concentration of the drug observed during a com- 
parable time interval indicated a destruction of the drug by the 
liver. 

Moreover, the calculation of the total amount of quinidin remain- 
ing in the heart, lungs, liver and blood at the end of the experiment 
(estimated on the figures shown in Table 5 and the known total 
weights of the organs and the volume of blood) gives figures which 
account for 70 per cent of the quinidin injected without allowance for 
the error of the quinidin determination in tissues. The error in the 
estimation of quinidin in the blood has been shown to be about 10 
per cent. In determining the quinidin content of solid organs, our 
error Was even greater. [In control experiments, our error was about 
30 per cent. This error cannot be ignored and would suggest that 
practically no quinidin was destroyed during the 13 hours. 


4 
» 
j 
; 
fe 
am 
Fa 
4 


652 BELLET, RAVDIN, MCMILLAN, MORRISON: 


It may be concluded from these experiments that the rdle of the 
liver in removing quinidin from the blood stream is not specific, 
but one possessed by any rich capillary bed. The blood quinidin 
concentration was only slightly higher with the hind leg in the cir- 
cuit in place of the liver. The difference is satisfactorily explained 
by the much greater size of the capillary bed of the liver. 

If quinidin is not actively or rapidly destroyed, what then is its 
fate in the body? Our studies give no answer to this question. It is 
interesting to recall that excretion has been shown by Hartman and 
Zila’ to be important in the case of quinin, they being able to recover 
as much as 40 per cent of the administered drug in the urine and 
feces. 

Summary. 1. Dogs were found to be much less tolerant to 
quinidin after their livers were damaged by ligation of the common 
bile duct and cholecystectomy. This was indicated by the fact 
that the concentration of quinidin in the blood and the electrocardio- 
graphic effects of quinidin were definitely greater after liver damage 
than before. 

2. Exclusion of the liver from the portal circulation (by the insti- 
tution of an Eck fistula and ligation of portal vein distal to Eck 
fistula) resulted in a marked decrease in the tolerance of dogs to 
quinidin. This was shown by the marked postoperative increase 
in the electrocardiographic effects and the quinidin concentration 
of the blood, which was high in this type of experiment. 

3. The greatly increased tolerance to quinidin when the drug was 
introduced through the portal vein in contrast to the femoral vein 
was not the result of a greater destruction of the drug by the liver 
in the former method of injection. Our own results as well as the 
results of others suggest that the increased tolerance is to be ex- 
plained by the fact that in the femoral vein route the alkaloid 
reaches the heart immediately, whereas in the portal vein injection 
it must traverse the large capillary bed of the liver before entering 
the heart: the findings in the femoral artery injections support the 
evidence of the portal vein experiments that the capillaries protect 
the heart and vital centers by holding back the quinidin and pre- 
venting sudden increases in the blood concentration of the drug. 
Some evidence is cited to indicate that with portal vein injection 
the liver capillaries hold quinidin in a loose combination and that 
after the injection is stopped the alkaloid is apparently slowly given 
up to the circulation. This evidence also indicates that the action 
is not specific to the capillaries of the liver but is a property pos- 
sessed by capillaries as a whole. 

4. The results of perfusion experiments on heart-lung, heart-lung- 
hind-leg, and heart-lung-liver preparations show no indication of 
destruction of quinidin. Moreover, in the heart-lung-liver perfu- 
sions, practically the entire amount of quinidin injected could be 
accounted for if the amounts recovered from the heart, lungs, liver, 
and blood were added to the estimated loss of the extraction. 
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Conclusions. ‘The liver is an important agent in protecting the 
heart and vital centers against the toxic action of quinidin, though 
it probably does not act by destroying the alkaloid. The protection 
is apparently the result of the action of the hepatic capillaries in 
readily removing quinidin from the blood and holding the drug in 
a loose combination, thus preventing the drug when taken by 
mouth from reaching the heart and vital centers in high concentra- 
tion. This action of the liver capillaries is not specific but is one 
possessed by other capillaries as well. The great importance of the 
liver lies in the fact that it constitutes an enormous capillary bed, 
and in the case of drugs taken by mouth this organ intervenes 
between the intestines and the heart in the absorptive pathway. 
Our data indicate that little if any quinidin is destroyed by this 
organ. 

Effective blood concentrations of quinidin in man are apparently 
small, inasmuch as amounts of as little as 12 grains per day by 
mouth may produce definite cardiac effects. 

If clinical experience should warrant an extension of these con- 
clusions based mainly upon animal experiments to humans, then 
a diminution of the protective function of the liver, the result of 
disease, might readily result in a high or rapidly increasing concen- 
tration of quinidin in the blood. This would lead to the develop- 
ment of toxic effects upon the heart and vital centers after relatively 
small doses of the drug. 


Nore.—We wish to express our thanks to Drs. C. G. Johnston, Cecilia Riegel and 
B. A. Gouley for assistance during the conduct of these experiments. 
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(From the Medical Service [Dr. G. Baehr], Mt. Sinai Hospital, New York City, 
and the Storrs Agricultural Experiment Station, Storrs, Conn.) 

Tue Frizzle fowl is a variety of chicken with peculiar upward- 
turning feathers and a very scanty plumage. One of us has shown 
that in these birds this entails a profound disturbance in the mechan- 
ism of conservation of body heat, and of metabolism.' Frizzle fowl 
exhibits a high basal metabolism and increased food consumption, 
an almost complete lack of subcutaneous fat deposits, and delayed 
sexual maturity or decreased fertility. Preliminary observations 
suggest that adult Frizzles, although their thyroid glands appear 
to be enlarged, are in a condition of functional hypothyroidism. 
Further experiments will be carried on to verify this conclusion. 

Thus the Frizzle fowl is an experimental animal in which a 
persistently high metabolism, conditioned by a peripheral factor 
(lack of plumage), leads to physiologic and anatomic changes in 
the body economy. They offer a unique opportunity of studying 
the effect of a permanently high metabolism on the heart. This, 
of course, has a direct bearing on an understanding of the cardio- 
vascular reactions in human hyperthyroidism. It is still unknown 
in how far the increased metabolism, as such, or in how far the 
altered thyroid secretion causes the cardiae disturbances of Graves’ 
disease. 

We have studied the heart rates of 21 homozygous Frizzle fowls 
and of 27 normal chickens of the same approximate age and weight. 
There are few reports in the literature on the heart rate of chickens. 
Vierordt in 1877 noted a heart rate of 354.2. There is no indication 
as to his method of counting it. Buchanan,’ using the capillary 
electrometer, recorded heart rates of 304, 390 and 345 respectively 
in 3 hens. Stiibel,t employing a mercury manometer in the carotid 
artery, a method which because of the great inertia of the mercury 
is certainly inaccurate, obtained an average heart rate of 339 in 19 
hens, and of 286 in 10 roosters. Kahn,® by means of the electro- 
cardiograph, found rates of 360, 370 and 380 respectively in 3 hens. 
In all of these experiments the chickens were tied down on a board, 
and conditions were far from basal. It seems probable, therefore, 
that all of these counts are too high. 
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We employed two methods to count the heart rates of chickens. 
The birds were not tied down or restrained. If one quickly inverts 
a chicken and places it on its back, and holds it gently on one’s lap, 
it will lie quietly for long periods of time. Placing a black cloth 
over the chicken’s head helps materially to allay restlessness. All 
of our counts were obtained with the chickens held in this manner. 
There is no difficulty in keeping a chicken quiet and relaxed for from 
20 to 30 minutes. Indeed in some cases we have succeeded in main- 
taining them at rest in this manner for over 2 hours. Our readings, 
therefore, were obtained under nearer “basal” conditions than were 
those of other experimenters. 


Fig. 1.— Electrocardiogram of normal hen No. 38. 


The actual recording of the rate was in most instances made by 
means of the Victor electrocardiograph with the employment of 
needle electrodes inserted subcutaneously. The electrode corre- 
sponding to the right arm lead in humans was inserted just anterior 
to the sternal notch; the one corresponding to the left arm lead was 
inserted over the precordium. The rate per minute was obtained 
by counting the number of cardiac cycles in a strip of film corre- 
sponding to 6 seconds and multiplying by 10. In a number of cases 
the rate was counted by means of the cardiotachometer.® The 


Fig. 2.—Electrocardiogram of Frizzle hen No. 2407. 


usual electrodes covered with shaving cream were placed on the 
chest, one over the precordium, one just anterior to the episternal 
notch. The heart beats were recorded by an electromagnetic coun- 
ter, and readings of the counter were made with the aid of a stop 
watch. 

For normal hens and roosters we found (Table 1) that the average 
minimum heart rate of 23 hens was 262 + 30 beats a minute; for 4 
roosters 172 = 19a minute. ‘These figures are far lower than those 
previously obtained by other observers because the conditions of 
our experiments favored the obtaining of more basal rates; under 
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still more nearly ideal conditions the rates would probably be even 
lower. Comparison between the initial and final rates in Table 1 
suggests that not infrequently we did not succeed in obtaining 
“basal readings.” We did not control the possible effect of pre- 
vious ingestion of food on the heart rate. 


TaBLe 1.—Tue Heart Rates or NormMat Fow ns. 


Initial Final Drop Mini- 
: Wt., | Age, | rate rime rate Time in rate mum 
No gm anne per Testing. pep resting, per rate Remarks. 
min min min min min per 
minh. 
Females 
1327 1210 14 350 1 290 20 60 290) Struggled once. 
2028 | 1250 il: 300 7 250 27 50 250 = Quiet. 
2714 1250 12 290 1 250 20 40 250 Hen tense. 
2710 1250 12 285 0 240 30 45 240) Quiet. 
920 | 13820 25 300 6 260 24 40 260 = Quiet. 
38 1365 24 260 4 250 22 10 250 Slight movements. 
66S 1380 23 210 2 180 21 30 ISO) Quiet. 
37 1390). 24 290 330 26 +40 Restless. 
128 1405 24 2S0 1 220 20 60 220) Occas. movement. 
1349 1415 14 370 l 310 21 60 310 Quiet. 
654 1420 24 260 310 1s +50 260 Slightly restless. 
131 1450 24 300 270 25 30 270 Quiet. 
2141 1450 «13 350 4 330 24 20 330) Quiet. 
Barrd 1500 14 315 l 240 20 75 240) Quiet. 
655 1520 23 310 14 330 31 +20 310° Quiet. 
394 1540 23 230 10 220 29 10 220 Quiet. 
9705 1560 24 260 22 260 Slight movement. 
39 1580 24 260 13 240 23 20 240 Restless. 
635 1685 | 23 270 12 270 30 0 270 ~~ Restless. 
9723 1615 24 250 4 270 22 +20 250 Restless. 
9650 1625 24 310 ll 290 21 20 290 = Quiet. 
9528 2150 25 280 5 280 23 0 280 Slightly restless. 
9889 2230 24 300 s 270 25 30 270 = Quiet. 
Av. 1495 = 289 5.6 268 24 21 262 
+ 38.9 +37 +30 
Males 
9920 1385 | 24 210 5 190 24 20 190 Slight movements. 
2661 1535 1: 200 6 180 25 20 180 Slight movements. 
3317 1575 220 4 1SO 25 40 180 Slight movements. 
3107 1675 2 170 3 140 21 30 140 Slight movements. 
Av. 1548... 200 4.5 72 24 27 72 
+18.7 #19.5 


The average minimum rate of 18 Frizzle hens was 334 + 43 beats 
a minute; of 3 roosters 287 = 12 a minute (Table 2). Thus, as 
appears more clearly from Table 3, the heart rate of Frizzle hens is 
on the average 72 beats (27 per cent), and of Frizzle roosters 117.5 
beats (68 per cent) above that of normal chickens. 

The body temperature of Frizzle fowl under ordinary conditions 
is the same as that of normal chickens. At environmental tempera- 
tures close to or below freezing point the body temperature of 
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Females 
2392 


$238 
2338 
2344 
2407 
2350 
3062 
2400 


9451 
2408 


2750 
2399 
3222 
2119 
OSUS 


Av. 


Wt, 
gm. 


1085 


1305 
1310 
1310 
1450 
1545 
1560 
1615 
1690 
1695 
1720 


175 
185 


ISSO 
1890 
1930 
2145 
2360 


1672 


TABLE 


Females. 
Normals 
Frizzles 

Males. 
Normals 
Frizzles 


It is well known that in animals of different species 


TABLE 2. 


3. 


Initial 
Age, rate Time 
mos per resting, 
min min 
13 3820 3 
12 380 2 
13. 350 5 
13 407 1 
13 440 5 
13. 370 7 
13. 300 2 
12 405 0 
12 405 7 
13 320 4 
13 330 3 
25 345 4 
370 1 
12 330 S 
13 410 5 
12 330 S 
24 405 5 
4s 360 3 
365 1 
13 | 290 7 
25 320 20 
24 «70 9 
293 12 
# 20.5 
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Heart Rates 
Average 
weight, 
No, gm. 
2 1498 
18 1672 
4 1548 
3 2512 


_ Average 
initial rate 
per min. 


289 + 


365 


38 
3S 
200 
193 


18 
20. 


Frizzles, because of excessive heat loss, is slightly subnormal. 
the time of our determinations of heart rate the Frizzles were kept 
in a heated pen, and their body temperatures were undoubtedly 
normal. 


Mini- 
mum 
rate 
per 

min 


260 


370 
320 
310 
440 
320 
270 
375 
375 
2900 
290 


345 
320 


330 
340 
330 
375 
360 
334 

42.5 
290 
300 
270 
287 


+12.4 
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At 


Tue Heart Rates or Frizzte Fow ns. 


Remarks. 


Quiet; quivering 
slightly. 

Quiet. 

Quivering. 

Quiet. 

Quiet; moved once. 

Quiet. 

Quiet. 

Quiet. 

Quiet. 

Quiet. 

A, quivering; 
quiet. 

Slightly restless. 

A, quivering; 
quiet. 

Restless. 

Quiet. 

Quiet. 

Quiet. 

Quiet. 


B, 


B, 


Restless. 
Quiet. 
Quiet ;moved once. 


or NorMaL Fow.s Frizzie Fow.s. 


Average 
minimum rate 
per min. 


+ 30.0 
+ 42.5 


262 
334 
172 + 19. 
287 


or 


the heart 


| | rate is faster the smaller the animal. There is some question as to 
whether this same rule applies to animals of the same species but 
of varying size. One of us has shown that in man there is no correla- 


Final 
200 22 | 6o | | 
370 24 10 
320 22 30 : 
310 21 97 
440 19 0 
320 24 50 
270 23 30 
375 20 30 
375 24 30 
290 22 30 
290 20 40 
| | 345 22 0 
| 320 1s 50 
345 27 +15 ‘ 
340 23 70 
360 25 || 
375 25 
360 22 0 
+ 43.2 i 
Males 
1901 2100 300 27 +10 3 
9450 2515 300 29 20 : 
2146 2920 270 26 0 
Av. 2512 290 27.3 | 3.3 Pe 
14.1 
| | 
‘ 
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tion between body size and shape and heart rate;’ and this is also 
apparently true for fowl (Table 4). 


TABLE 4.—Bopy Weicurs anp Heart Rates. 


Average Average 
weight, heart rate 
No gm. per min 
Normals weighing over 1500 gm. 10 1690 263 + 25.3 
Normals weighing under 1500 gm. 13 1350 262 + 37.1 
Frizzles weighing over 1700 gm. S 1942 336 += 24.0 
Frizzles weighing under 1700 gm. , 10 1456 333 + 53.0 


Pursuing the relation of the high metabolism to the disturbance 
of heat regulation caused by scanty plumage, we tried to correlate 
the heart rates of our birds with their amount of plumage. Of 5 birds 
(Nos. 2350, 2400, 3238, 1901 and 2146) that were fairly well feath- 
ered, 3 showed heart rates below the average. However, the obser- 
vations are too few to allow of a definite conclusion. 

It is of some interest to establish whether differences in heart rate 
between normal and Frizzle chickens already exist at the time of 
hatching. We have not been able to find observations of the heart 
ate of newly hatched chicks. The average heart rate for normal 
newly hatched chicks we found to be 164, and for 7 homozygous 
Frizzle chicks 163 (Table 5). Thus it is obvious that at hatching 


TaBLe 5.—Tue AveraGe Heart Rates or Newty Hatcuep NORMAL AND 
HomozyGcous FrizzLe CHicks. 


Normal chicks Homozygous Frizzle chicks. 
Average Average 
Sex Weight, Time, heart rate, Weight, rime, heart rate 
ein min per min gin min per min 
Male 40.7 59 165 39.6 155 163 
38.7 210 167 381 62 166 
12.6 241 164 7S 5S 162 
39.1 SO 163 
Female. . . 32.4 15 165 35.8 102 163 
33.4 162 37 as 162 
39.3 SO 162 39.5 204 164 
33.0 223 162 


time there is no difference in heart rate between normal and homo- 
zygous Frizzle chicks. The heart rates of these chicks was counted 
in the following manner: The chicks were taken from the incubator 
and at once received a subcutaneous injection of 1 cc. of a solution 
of 0.5 grams of sodium amytal in 125 ce. of distilled water. This 
induced anesthesia lasting from 45 minutes to 4 hours. As soon 
as the chicks had relaxed completely, enough of the breast bone was 
removed with scissors to observe the beat of the heart. This could 
be done with practically no loss of blood. Counting of the heart 
beat then was begun at once and was continued until the chick woke 
up as determined by the first opening of the eyes. Counting was 
done with the help of a stopwatch and each count was based on the 
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figure obtained for 20 seconds. After the chicks had fully regained 
their muscular control they were killed in order to determine their 
sex. The room temperature during the whole period of observation 
was between 20° and 21° C. 

In each instance it was found that the heart rate was quite fast 
immediately after the thorax had been opened. Within a very short 
time, however, the heart rate returned to a lower level, at which it 
remained with but slight variations during the whole duration of 
the experiment. ‘Toward the end of the period of anesthesia the 
chicks frequently made slight movements with their legs, but these 
movements did not seem to have any significant effect on the heart 
rate. For each chick the average heart rate was determined for the 
period beginning with the time when consecutive determinations 
of the heart rate first became constant and ending at the time when 
the chicks first opened their eyes again. 

In order to show the amount of variation in heart rate during 
the complete period of observation of individual chicks, one com- 
plete record each of a normal and a homozygous Frizzle chick is 
reproduced in Tables 6 and 7. 


TABLE Rate or Hatcuep HomozyGcous Frizzie Cuicx. 


Hlomozygous Frizzle. 94S18. Weight, 39.5 gm. 


3.11 p.m.: 1 ce. sodium amytal solution injected. 
3.20 p.M.: thorax opened. 
Time Heart rate Time Heart rate. 
3.22 “6 . 189 4.22 165 
3.23 189 4.23 - 165 
3.27 186 4.24 . . 165 
3.28 174 4.29 165 
3.30 174 4.34 165 
3.32 171 4.35 ; 165 
3.35 165 4.42. 165 
3.37 165 4.46 165 
3.38 159 4.51 165 
3.39 159 4.54 . 162 
3.41 159 4.56 . 159 
3.43 162 5.00 . 156 
3.44 . 165 5.08 165 
3.45 165 5.06 165 
3.50 . 165 5.11 165 
3.52 165 5.16 168 
4.00 165 » 
Bee. « 165 6.42... 
* Slight movements. 


Average heart rate between 3.35 and 6.59 p.m. (204 minutes), 163.8 per minute. 


The variations in heart rate are slight, and the fact that the heart 
rate remained stationary practically to the time when the chicks 
awoke indicates that it was uninfluenced by the sodium amytal. 
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Tabie 7.—Hearr Rats or Newiy Harcuep Norma Cuick. 


Normal 9. Weight, 33 gm. 
2.16 p.M.: 1 ce. sodium amytal solution injected. 
2.59 p.m.: thorax opened. 


Time. Heart rate Time. Heart rate. 
3.00 . 5 ‘ . 4.08 . ; . 159 
. 159 
3.12. ‘ 16S 5.03. ; 165 
5.41 . « « 
3.46 : . 162 6.30. . 162 
3.49 . 159 6.40. : : 156 
* Slight movements. 


Average heart rate between 3.06 and 6.49 p.m. (223 minutes), 162.3 per minute. 


TABLE 8.—HEarT RaTE OF NoRMAL FEMALE CHICKEN No. 2710, DuRING a PERIOD 
OF S87 MINUTES OF CONTINUOUS OBSERVATION. HBEART RaTE 
RecorpED WITH THE ELECTROCARDIOGRAPH. 


Time, Heart rate 
min. per min Remarks. 
0 se a . . 285 Lying quietly on its back. 
15 . 255 Very quiet. 
30 . . 240 Very quiet. 
45 ae . 240 Has not stirred. 
57 . 270 Quiet. 
S85 . . 270 
Frightened. 


In adults the differences in heart rate between the two sexes, 
both in normal and in Frizzle chickens is very striking, and, as a 
study of the tables reveals, cannot be explained solely by the 
greater body weight of the males. The slower heart rate in males 
is a universal characteristic of all mammals that have been ade- 
quately studied. Ellinger,* studying horses, cows, pigs, sheep and 
goats, found higher rates in females than in males. Thus he observed 
the average heart rate of 84 stallions to be 28.5, and of 65 mares 
33.6 beats a minute; of 12 male pigs 68, of 11 sows 88 a minute; 19 
bulls showed a range in heart rate from 40 to 52, whereas the average 
rate of 94 cows was 81.6 beats a minute. Knoll® established an 
average heart rate of 58 for 100 bulls, of 75 for 100 cows; and of 
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73 for 10 male pigs and S2 for 100 sows. He noted that the differ- 
ence between the sexes first becomes manifest at about the age of 
3 months. 

In our newly hatched chicks, both normals and Frizzles, there 
was no difference in the heart rates between the two sexes. 

In man, too, females have higher heart rates than males. The 
basal heart rate of adult males is 61.4 + 8, and of females 69.9 + 9.6 


ric. 3.—Hearts of homozygous Frizzle and normal cockerels at the age of 8} months. 
Above: hearts of homozygous Frizzle males. Below: hearts of Leghorn males. 


Preliminary observations show that adult Frizzle chickens have 
a definite hypertrophy of the heart. The heart appears elongated 
and relatively narrow, the hypertrophy involving chiefly or only the 
left ventricle (Fig. 3). (A detailed report concerning these changes 
of the heart will be published later.) These observations seem to 
show a definite sequence of events: Disturbed heat regulation 
leading to increased metabolism, which in turn leads to tachycardia, 
and most probably to an increased minute volume flow of blood, 
and this finally leads to left ventricular hypertrophy. It is very 
suggestive that a similar mechanism may be operative in human 
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hyperthyroidism, except that here the stimulus to the increased 
metabolism is found in some intrinsic functional disturbance. 

A number of observations that were made incidental to the chief 
aim of our study merit more detailed mention. In all of the chick- 
ens we observed a marked lability of heart rate. This is well illus- 
trated in Table 8; as well as in Figs. 4and 5. The graphs represent 
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Fic. 4.—Heart rate of Frizzle, No. 2344, recorded with cardiotachometer. Room 
temperature, 17° C. 


continuous observations with the cardiotachometer of the heart 
rate of Frizzle chicken No. 2344. Fig. 4 is a 33-minute run when 
the room temperature was 17° C. Fig. 5 represents observations 
of the heart rate while the chicken was held on the observers lap 
before an open fire. In addition to these major variations in rate 
which correspond to those observed in man® we frequently noted 
a distinct sinus irregularity when the chicken was relaxed and 
breathing quietly. 


Struggled | 


300 4 4 4 4 4 4 4 
Min. 4 6 12 16 20 «24 28 32 36 40 44 46 52 56 


Fic. 5.—Heart rate of Frizzle, No. 2344, recorded with cardiotachometer while 
resting before open fire. 


Our data on the cardiovascular reactions of Frizzle fowl throw 
a certain light on the cardiovascular reactions of patients with 
hyperthyroidism. While a number of recent experiments seem to 
show definitely that an excess thyroid secretion may in itself through 
a direct action on the heart provoke a tachycardia," the effect of an 
increased metabolic rate in increasing the work of the heart cannot 
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be ignored. The increased oxygen utilization by the tissues necessi- 
tates an increased minute volume flow of blood. This is accom- 
plished by an increased output of the ventricles per beat as well 
as by an accelerated heart rate. It has been estimated that in 
Graves’ disease the work of the heart may be increased by as much 
as 250 per cent.!! 

A clinical condition analogous to that found in Frizzle fowl, 
characterized by an increased metabolic rate unassociated with 
hyperthyroidism, is found in chronic lymphatic leukemia. Minot 
and Means" showed that the amount of pulse elevation for a given 
metabolic rate was essentially the same in hyperthyroidism and in 
chronic leukemia. Moreover, the hearts of leukemic patients that 
were examined postmortem were on the average 75 gm. overweight. 
It is true that more recently Friedgood™ reached the conclusion that 
in chronic lymphatic leukemia the pulse rate is not entirely depend- 
ent on the basal metabolic rate, because in his patients high meta- 
bolic rates were accompanied by relatively small increases in heart 
rate. 

In Frizzle fowl it seems clear that the elevated metabolism is 
the cause of the rapid heart rate, and that the increased work of 
the heart causes cardiac hypertrophy. Indeed, it seems that more 
serious injury to the heart may result. One of the Frizzle roosters 
who was not included in Table 2, exhibited an unusual form of heart 
block. Furthermore, we have observed that when Frizzle chickens 
are carried in the usual way by the legs with the head down sudden 
death at times ensues. 

Summary. The Frizzle fowl, a variety of chicken with scanty 
plumage offers an opportunity of studying the effect of a greatly 
increased basal metabolism as such on the heart. In these birds 
the scanty plumage entails a profound disturbance in the mechan- 
ism of conservation of body heat with a resulting high metabolism. 

The heart rates of 27 normal breeds and of 21 homozygous Frizzle 
fowl were studied by means of the electrocardiograph and the 
cardiotachometer. 

The average minimum heart rates of normal hens was 262 + 30 
and of Frizzle hens 334 + 45 beats a minute; of normal roosters 
172 + 19 and of Frizzle roosters 287 + 12 beats a minute. 

The average heart rates of both normal and Frizzle chicks of 
both sexes at birth was the same, about 164 beats a minute. 

The rapid heart rate of Frizzle fowl is conditioned apparently 
only by their high metabolism. 

Preliminary observations suggest that the hearts of Frizzle fow] 
are larger than those of normal chickens of the same age and weight. 

All of these observations suggest that a persistently elevated 
basal metabolism, as such, may cause tachycardia, cardiac hyper- 
trophy, and possibly other functional and organic jawed to the 
heart. 
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(From the Capillary Laboratory of the Department of Medicine of the New York 
Post-graduate Medical School of Columbia University.) 


THE purpose of this article is to present the most satisfactory 
methods of studying the capillary circulation of the nailfold in 
human beings. We shall attempt to present a technique and 
describe apparatus by which such studies may be carried out under 
as nearly normal and standard conditions as possible. 

Since the work of Von Kries' in 1875 and Roy and Brown? in 
1878, advances have been made in the methods and the apparatus 
for this study. Hueter* in 1879 observed the capillaries in the mucous 
membrane of the human lip through a glass slide pressed against 
the lip and a low power lens of about 25 magnifications. Lombard‘ 
in 1911 was able to make a better study of these vessels with the 
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use of artificial lighting and higher magnifications. In 1916 Weiss*® 
made a valuable contribution to this study by recording his observa- 
tions photographically. Since permanent records are of the utmost 
importance in studying the capillaries, the first part of this paper 
will be devoted to photographic technique. The second part will 
be a discussion of methods for the determination of the capillary 
pressure, the temperature of the capillary fields, the fragility and 
permeability of the capillaries and the rate of flow within them. 

Photography. In photographing the capillaries of the skin and 
mucous membranes the following points should be considered: 

1. Short exposure. 

2. Immobilization of the field. 

3. Sufficient cool light applied at the correct angle of incidence 
and the utilization of as much of this light as possible. 

4. A rapid film sensitive to slight color contrasts. 

The chief requirement in photography is for an exposure of } 
of a second, or better ;', to .'; of a second. Slower exposure 
does not produce a sharp definition of the capillary loop if the mag- 
nification is sufficient to be of value, because of the almost constant 
motion of the vessels. This motion consists of movements of the 
vessels themselves in all directions, combined with involuntary 
muscular movements of the extremity, including tremors, and, in 
many instances, transmitted cardiac impulses. The varying size 
of the corpuscle stream also causes changes in the contour of the 
vessels. 

Satisfactory immobilization of the part to be studied is a difficult 
problem. It is readily realized that only gross variations in the 
position of the part can be controlled. Any apparatus which would 
control even these movements to a marked degree would exert such 
pressure on the vessels that normal conditions would no longer 
exist. A small metal vise (lig. 3) may be used to steady the finger or 
plasticine may be employed where extreme steadiness is necessaary. 
If only slight pressure is applied with this to the sides of the finger 
there is no apparent effect on the circulation to the nailfold capil- 
laries. The arm may be comfortably supported in a wooden trough 
lined with a soft padding; or the foot may be placed on padded 
blocks. Any part studied should be so placed that it is on a level 
with the heart. With the patient comfortably arranged, the entire 
nailfold area is best studied by moving the microscope across the 
field with a ratchet and pinion system instead of moving the stage, 
as is the conventional procedure. In this manner voluntary ten- 
sions are avoided and there is less involuntary twitching. We have 
found no mention in the literature of such an arrangement for this 
particular purpose and it has greatly increased the ease of controlling 
the field. The use of a faster film, smaller film surface and more 
light has made the entire problem of immobilization less important 
than when exposures of several seconds were necessary. 
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The tungsten bulb and the carbon are have both been employed 
as sources of light. Callender® in 1925 described a method employ- 
ing a 1000-watt Edison lamp in an Edison lamphouse. He obtained 
magnifications ranging from 16 to 61 diameters and made exposures 
of 12 to 15 seconds. We have used a small bulb with a very con- 
centrated tungsten filament, filtering the rays through a colored 
heat-absorbing glass and condensing them with a lens system. 
This method provides sufficient cool light for visualization but not 
for satisfactory photography. 

An automatically fed pencil carbon arc, obtaining its current of 
5 amps. at 60 V. through a resistance on a 110 V. line, supplies an 
abundance of light for photographic purposes. The rays from the 
carbon are are focused through a lens system in the lamp and are 
then passed through a water filter so that they illuminate an ares 
of about 2 sq. em. A color filter is interposed in the system to give 
better contrast. This may be in the form of a dye in the water 
filter or a thin colored glass or strip of celluloid, the latter two allow- 
ing easy changing of colors to meet different circumstances. Green 
has proven the most satisfactory for both observation and photog- 
raphy. If the water filter is thick enough, a thermocouple tempera- 
ture reading after 15 minutes of continuous observation shows less 
than 1° C. rise in temperature over the area studied. Weiss® in 
1916 used a similar method. His time of exposure was from } to | 
second. Sheard’ in 1924 and Sheard and Brown’ in 1925, still 
using this oblique system of illumination and momentarily increas- 
ing the brilliancy of the light at the time of exposure, were able to 
increase the time to ;}) of a second. It is evident, however, that 
the extreme degree of light destroyed some of the contrast. 

The angle of incidence of the light rays is another factor of utmost 
importance in obtaining efficient illumination. In our earlier 
studies the rays were directed on the field at an angle of 45° and 
from one side only. In all such systems there is a great loss of light 
and shadows are cast, distorting the appearance of the capillaries. 
Crawford and Rosenberger? in their “Cinematographic Observations 
of the Human Capillaries” used an opaque illuminator to obtain 
almost vertical illumination. In this system the rays are focused 
on the field through the lens system of the microscope, and refrac- 
tion is overcome with a light polarizer. We have found that the 
“Ultropak” system (developed originally for metallurgy and 
adapted for capillary studies and other microscopic work by 
EF. Leitz & Co.) to be the most practical form of illumination used with 
the condensed rays of a pencil carbon arc lamp as previously de- 
scribed. With this equipment it has been possible to study in detail 
minute structures, such as intercapillary anastomoses,'® which 
have hitherto been observed only with extreme difficulty. 

The standard 35-mm. film permits a concentrated image and 
makes possible short exposures. Larger film surfaces necessitate 
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the spreading of the small amount of light over greater areas, thereby 
increasing the time of exposure. Any exposure greater than } 
of a second where magnifications of 176 times are used results in a 
blurring due to movements already described. 

A superspeed film makes possible a rapid exposure even with the 
interposition of a rather dense color filter. Through the courtesy 
of the Du Pont Pathé Company we have obtained a panchromatic 
film which is about seven times faster than theaverage panchromatic 
film. This seems to give better results than an orthochromatic 
film even with a green filter system. Such film must be handled in 
complete darkness both in loading the camera spools and in devel- 
oping it. In special instances it may be “‘speeded up” by sensitizing 


Fic. 1.—The Ultropak is attached to the tube of the binocular microscope and is 
idapted to receive the rays from the carbon arc, which is located in a well on the left 
side of the table. A water filter, containing a green dye, is located between the two. 
Che rachet and pinion arrangement at the base of the microscope will move the tube 
of the scope either forward and backward or from side to side. 


it just before use with one of the several methods in common prac- 
tice, such as washing in distilled water and quickly drying. Since 
enlargements are desirable a developer should be used to give as 
fine a grain to the negative as possible. The Leitz enlarging camera 
lig. 2), built especially for 35-mm. film, produces excellent 4 by 5 
inch size records for preservation. 

The camera used to carry this film is a Leica. The spools hold 
sufficient film for about 30 exposures. A conical metal apron 
extends from the front of the camera and its outer end attaches to 
the ocular of the microscope. Within this outer end of the apron 
is a shutter with cable release and a prism which directs some of the 
rays at right angles through a focusing tube. At the instant of 
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exposure this prism is swung aside with a cable release making all 
of the rays available. The lens system of the capillaryscope replaces 
that of the camera (lig. 5). 

The preparation of the field for either observation or photography 
is very important. Gentle cleansing with a soft brush and soap 
and water at body temperature removes dirt and dead epithelium. 
Thorough drying and removal of grease with xylol before oil is 
applied gives a clearness sufficient for most work. Fifteen minutes 
should then elapse before examination to insure a return of the 
vessels to their normal status. The irritation thus produced is 


Fic. 2.—Camera made for enlarging 35-mm. cinema film by E. Leitz & Co. The 
filter swung at right angles to the lens tube is amber glass and allows focusing of the 
negative directly on the bromid paper. 


much less than that caused by blistering with cantharides, heat, 
or by the mechanical removal of the superficial layers of the epi- 
thelium with a razor. It is true that these methods give a clearer 
field and that the capillaries stand out much more clearly. There is 
definitely less haze than with the simple cleansing method but an 
abnormal condition is produced by these other methods and we have 
attempted to study these vessels under as nearly normal conditions 
as possible. A bland clear oil, such as white mineral oil, cedar oil, 
or castor oil, is applied to the skin, diminishing the refraction due to 
the unevenness of the outer layer of epithelium. Unna" in 1891 sug- 
gested the use of oil for this purpose. Schur” suggests the placing 
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of a small cover glass over the oil. We have found that this pre- 
vents the oil from running off the field. In some instances where 
patients perspire freely and in very warm weather, the moisture 
mixing with the oil produces an emulsion, resulting in a haze which 
obscures the field. This difficulty is not easily overcome, as prepara- 
tions used to reduce perspiration create an abnormal condition. 

It is important that the patient be placed in as comfortable a 
position as possible and that the operator be free to study the capil- 
lary area. It is also important for standardization that the areas 
studied should be on the same level as the heart. Fig. 1 shows the 
apparatus set up on a table especially constructed for studying 
the vessels of the finger-nail beds. The patient sits across from the 


Fic. 3.--This shows the Leica camera fitted to the ocular of the capillaryscope. 
It also shows a simple finger rest for maintaining the position of the finger. 


operator and the height of the table is such that the hand is at the 
heart level. If the table is placed opposite the average hospital 
bed the same conditions exist. ‘The are lamp is placed in a well on 
the table so that the rays will enter the Ultropak at right angles 
to its mirror. 

Figs. 4 and 5 are illustrations of unretouched photographs of 
capillaries in the finger-nail bed as taken with the apparatus de- 
scribed above. 

We have not discussed the problems of cinematography of the 
capillaries for the following reasons: (1) It necessitates the use 
of very expensive and elaborate equipment; (2) such equipment 
requires technical knowledge beyond that of the average investi- 
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gator; (3) it is not practical for the study and the obtaining of 
permanent records in a large series of cases. 

We appreciate, however, that such studies give valuable informa- 
tion regarding changes in the blood flow and capillary appearance. 

Capillary Pressure. ‘The pressure in the smaller vessels and capil- 
laries has long been a matter of interest. Von Kries! first attempted 
to measure this by applying a glass slide to the skin and noting the 
amount of pressure necessary to produce pallor. Danzer and 
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5, 
Fics. 4 and 5.—Unretouched photographs of capillaries in the finger-nail bed made 
with the apparatus described. The magnification on the original 35-mm. cinema film 
is 176 times. The enlargements shown are about 4 times the size of the original film. 


Hooker® and Kylin' found that blood continued to flow even when 
pallor was present. The Danzer and Hooker apparatus (Fig. 6) 
consists of a mercury manometer connected to an air chamber 
between a flexible transparent membrane and a glass slide. The 
glass slide is held in a fixed position and the flexible membrane is 
brought in contact with the capillary bed. The capillaries are 
observed with a capillaryscope, through both the slide and the 
membrane while air is forced into the chamber. As the flow in the 
vessels starts or stops the pressure can be read in millimeters of 
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mercury. Observations must be continued for some seconds as 
the flow in even major capillaries often starts or stops without 
pressure being applied. The point at which the flow starts on 
releasing the pressure has been considered the preferred one to be 
recorded. Such a reading gives only a general average for the area 
observed or for a particular capillary. A method recently described 
by Strax and Degratf'*—a modification of the Danzer and Hooker 
method —uses a weight balanced against a spring and one observes 
the vessels through a glass window for the condition of the flow. It is 
simpler than that devised by Danzer and Hooker but it has not 
been sufficiently tested. Landis'® by actually inserting pipettes of 
drawn quartz into the arterial and venous limbs of the capillary 
as well as into the tip of the loop has shown different pressures at 


Fic. 6.-—Capillary pressure measuring apparatus as devised by Danzer and 
Hooker. The air chamber, connected by tubing with the manometer, is seen to the 
leftof the case. Thisis placed beneath the objective of the capillaryscope. 


these various locations, the greater being in the arterial limb and the 
lesser in the venous, a downward gradient of pressure being present. 
The technique of this procedure is much too difficult for general 
work and we feel that the apparatus of Danzer and Hooker gives 
the most satisfactory results of any yet devised that may be used 
in routine work. 

Skin Temperature. The skin temperature of a capillary area 
studied may be determined in several ways. We have found that 
an approximate reading can be obtained by using a mercury ther- 
mometer with a flattened bulb and an insulating grip. Such a type 
has been developed by Becton and Dickinson & Co. for Horton of 
the Mayo Clinic. The flattened bulb is placed against the skin 
and the mercury registers from two to three minutes. Variations 
in pressure on the skin by the bulb affect these readings. 
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A much more accurate, reliable and responsive instrument 
depends on the principle of the thermocouple. Variations in the 
temperature of the couple cause varying amounts of electric current 
to be set up in direct ratio with the amount of variation in tempera- 
ture. ‘These slight currents are matched against known currents 
with a potentiometer. We have been using an instrument devel- 
oped by Leeds and Northrup (Fig. 7) in which adjustments of the 
potentiometer to bring the galvanometer to balance give a reading 
directly on an attached scale of the temperature in both Fahrenheit 
and Centigrade. 

The thermocouple may be fastened to an area and repeated 
readings made. A special couple placed at the tip of a hypodermic 


Fic. 7.—Leeds and Northrup potentiometer indicator. The fine wires of the 
thermocouple can be seen at the tip of the composition rod. The scale calibrated in 
both Centigrade and Fahrenheit, is seen below the knob of the potentiometer or slide 
wire. The wedge-shaped instrument is the galvanometer. 


needle is used for recording temperatures beneath the skin surface. 
Leeds and Northrup also supply an apparatus for electrically 
recording these temperatures. Such apparatus provides permanent 
graphic records and is of value where studies are being made of 
temperature changes over a certain area during a given period. 
Capillary Permeability and Fragility. Capillary permeability 
was first determined by Ginzzlen'’ by the blister method as will 
be described in another paper. Subsequent workers'*!® have 
added to this subject. At the present time there are no reliable 
methods available for the accurate determination of capillary 
permeability in humans. Cutter and Marquard® have shown that 
by producing a sufficient negative pressure over a capillary bed 
the vessels will rupture and the blood will appear around them. 
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This fragility of the human capillaries is another interesting prob- 
lem for further studies, especially in the purpuric diseases. 

Rate of Blood Flow. Studies of the actual rate of the flow of 
the blood through the capillaries are of little value because of the 
extreme variation in different vessels and from second to second in 
the same vessel. 

Relative Time of Flow and Stagnation. We are using a rather 
crude but simple procedure which we have called the “Two Minute 
Flow Test” to help us determine the amount of time the blood is 
actually flowing through the capillary loop being observed. A 
vessel is observed during a 2-minute period and the number of 
seconds of stoppage and of flow are noted. An average of 10 counts, 
taken from the larger capillaries in which the blood is present at all 
times, is accepted as the flow-test figure for that particular trial. 
Under average normal conditions in an average individual the blood 
will often cease to flow for a total of from 10 to 20 seconds of the 
2 minutes. 

Conclusion. An attempt has been made briefly to sum up various 
methods and the apparatus involved for the study of the capillaries. 
We believe that the Ultropak method of illumination has made the 
observation and photography of these vessels very much easier and 
more satisfactory. The areas in which human capillaries are acces- 
sible for detailed study under normal conditions are few. Further 
improvement in both apparatus and methods is desirable. Some 
of the procedures have simply been mentioned. Studies are now 
being made for the further development of these and of the apparatus 
involved. 
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SELF-MUTILATION IN CHRONIC ENCEPHALITIS. 
AVULSION OF BOTH EYEBALLS AND EXTRACTION OF TEETH. 
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PROFESSOR, CLINICAL NEUROLOGY, COLUMBIA UNIVERSITY; DIRECTOR, NEUROLOGIC 
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(From the Neurologic Services of the Morrisania and Montefiore Hospitals.) 


“Rash man how could'st thou bear to outrage so Thine eyes? 
What Power was it, what wrought on thee?’’— King Gi pidus. 


Case Report. H. V., a high-school girl, aged 16 years, of Russian- 
Jewish parentage, was born in New York, in 1915. The personal and 
family history was given by the mother, an intelligent woman. 

Birth was at full term, and delivery spontaneous. The infant and 
early childhood years were those of a physically and mentally healthy 
child, differing in no significant features from those of the other members 
of the family of normal children. She began school at the age of 6 vears 
and was considered in all respects a good pupil until the grade of 4B; at 
this time the scholastic standing lapsed. 

The history of infectious diseases incidental to early vears records measles 
at 4 years, complicated by one convulsion. There was no continued 
drowsiness or somnolence, no paralysis and no other symptoms suggestive 
of encephalitis. Recovery was apparently complete. At the age of 5 
years she had an attack of chickenpox of short duration, the course a nor- 
mal one without neuropsychiatric complications. In her 6th year she 
sustained a trauma from falling down five steps injuring her head and 
back. No serious results seem to have followed; she was not unconscious 
at the time, did not bleed from the nose or ears and there were no per- 
sistent complaints—no headache, no dizziness or convulsions. 

In short, up to the time of the beginning of the present illness, the girl 
was evidently normal, without neuropathic taint inherited or acquired. 
Her menses began at the age of 13 years and were regular and normal. 
She was sociable, indulged in the usual play activities, was in no way 
peculiar or seclusive, showed no temper tantrums, no unusual attachment 
to members of her family. She was balanced in behavior, well thought of 
by other children and adults and regarded as a rather clever child. 

At the age of 8 years, in February, 1923, the patient passed through a 
febrile attack. The details of this period of illness are vague. The records 
at the Neurological Institute, where she was treated at the time, showed 
that the illness was regarded as of the nature of influenza; the details upon 
which the diagnosis was made are not clearly defined in the hospital records. 
The significance of this period of illness is made the more evident by the 
recorded information that the child was in “perfect health for a year,” 
although she developed “weakness of the eyes’’—she found it more diffi- 
cult to read, but correction of vision was obtained by glasses. During 
this period her left arm began to “draw up” and she “ walked with a limp.” 
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early in 1924 she was admitted to the Mt. Sinai Hospital; here a left hemi- 
parkinsonian motor syndrome was noted and also pathologie ocular signs. 
The pupils were unequal, right larger than left; both reacted well to light 
but accommodation was absent in the right and sluggish in the left eye. 
Four injections of foreign protein (typhoid vaccine) made no impression 
upon the symptoms. Following discharge from the hospital, the girl 
returned to school. 

It was observed at this period that the patient would fall asleep in the 
classroom and at home and she complained of being unable to do her 
school work. There was no nocturnal wakefulness. She improved some- 
what, and for the subsequent 4 vears the somnolent tendency seemed to 
diminish. 

In 1928 she was admitted to the Neurological Institute and the following 
was recorded: Staring facies, left spastic gait, left arm flexed and with 
marked tremor, deep reflexes increased on the left side, slight inward squint 
of the left eve and deviation of the tongue to the left. An encephalogram 
taken at that time showed very little air entering the ventricles, nearly 
all of it distributed over the cortex. The latter finding was at the time 
interpreted as “suggestive of lack of cortical development, possibly dehy- 
dration.”” The blood and spinal fluid Wassermann tests were negative. 
The diagnosis at the time was chronie epidemic encephalitis. 

After leaving the Neurological Institute the patient returned to school 
and was in the Sth grade; she entered high school but her work was unsatis- 
factory; she was lacking in concentration and sustained effort. She also 
complained of “spasm of her eyelids,” making it difficult for her to keep 
her eves open. 

At this time she began to show changes in personality and became a 
behavior problem at home. She often prevaricated and had frequent tem- 
per tantrums in which she would tear her clothing and strike her mother. 
When confronted with the results of her destructive conduct, she readily 
admitted her misdoings and said that ‘she could not help it.” On a num- 
ber of oceasions she broke windows in the house during these explosive 
episodes; at times, these were in reaction to no evident situation; occasion- 
ally these tantrums would be followed by an hour of somnolence. She 
frequently became remorseful and would spontaneously reiterate ‘“ Why 
do I do it? Why do I do it? I can’t help it.” She would readily strike her 
sisters when they interfered with her desires or angered her. Her school- 
work was nevertheless good. 

At about this time, that is, 3 vears before admission to Morrisania 
Hospital, she would occasionally lock herself in the bathroom and appear 
a short while after, bleeding from the mouth and with teeth missing. She 
admitted extracting her teeth and said that she “could not help taking 
them out.” Her parents recall that she would anxiously remain up await- 
ing the retirement of the members of the family, seeking the opportunity 
to sequester herself in the bathroom and to yield to this imperious desire 
to extract her teeth. In this way she took out all but 9 of her teeth. 

She developed Vincent's angina after these repeated extractions, and was 
admitted to Bellevue Hospital in March, 1931, where 7 more of her teeth 
were extracted by the dentist. Upon admission to the Morrisania Hospital, 
July 30, 1931, her 2 remaining teeth were removed because of infection. 

She was admitted to the Morrisania Hospital because of some swelling 
and redness of the right eve. The mother noticed that she had been 
rubbing that eve during the day and there was some swelling and bulging. 
Her temperature was 100° F.; pulse, 100; respirations, 22. She was exam- 
ined by one of the house physicians, put to bed, her eye washed with boric 
acid and an ice-bag was applied. She was quiet and apparently slept until 
3.20 a.m., July 31. 
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The nurse in charge of the ward stated as follows: “I was notified by 
an attendant that this patient’s eye had fallen out. I immediately went. 
to the patient, and found that she was holding her right eve in her hand and 
on questioning her she said that it had spontaneously fallen out while she 
was sleeping. She answered all my questions unhesitatingly and appeared 
intelligent. She did not complain of any pain or discomfort. Her actions 
were quite normal except for her seeming indifference toward the incident. 
She did not seem in the least disturbed. At 7 a.m. she was seen lying in 
bed, the left eye looked normal. The right socket was dressed. At 8.45 
A.M., on July 31, the patient suddenly shouted and the nurse who went to 
her bedside was told by the patient that her left eye had fallen out. The 
left eye was found in the bed on the patient’s left side. There was only 
slight bleeding from the sockets. She did not complain of pain and seemed 
to be lying quietly without any particular emotional display.”’ She was 
examined the next morning by a neuropsychiatrist who found a young 
blind girl, aged 16 years, with a left extrapyramidal hemiplegia, showing 
no particular emotional display and coéperative for all details of examina- 
tion. She denied gouging out her own eyes. She was well oriented. 
Remote memory was good. She, however, insisted that she did not 
remember the details of that particular period when her eyes “ popped out.”’ 
There was no intellectual defect. She seemed to be of normal mental 
standard. Sensory examination was entirely normal. 

During her further stay in the hospital the patient rubbed her right 
cheek until it bled and bit deeply into her tongue. Spinal fluid examination 
on August 4, 1931, showed a bloody tap which was probably traumatic. 
The eyes were enucleated almost intact. The eye muscles in both eyes 
were torn at the tendons in some cases and somewhat beyond the tendons in 
other muscles. The anterior chamber was free, sclerx intact, conjunctive 
covered both eyeballs. The optic nerves were also avulsed. The right 
optic nerve was attached to the eyeball, was 1 inch long and the left was 
2 inches long. The cornee were somewhat cloudy. The ophthalmic 
surgeons indicated that the enucleation was complete with the delivery 
of 2 intact eyeballs. Roentgen ray examination of the skull showed 
rounded shadows in each orbit due to blood clot, but no change in the bone. 
The upper right first and second molars were removed in the hospital, 
leaving the patient edentulous. The sockets of these teeth were infected 
and the teeth loose. The other teeth were missing on admission. 

In October, 1931, she was admitted to the Montefiore Hospital. During 
the first few weeks of her stay there the patient repeatedly attempted to 
injure herself, picked at the dressings over her sockets and rubbed her hands 
over the skin of her face. The patient was restrained and carefully watched. 
No further self-mutilation has been observed in this patient. She was 
kept in restraint and under strict supervision for about a month following 
her admission to the Montefiore Hospital. 

Physical examination at the Montefiore Hospital showed an edentul- 
ous, undernourished young girl, aged 16 years, both eyes missing, there 
having been complete enucleation of eyeballs bilaterally. There was no 
mouth infection. Neurologically, she showed a left extrapyramidal hemi- 
plegia, no Babinski, cogwheel rigidity on the left, uniform atrophy of the 
left upper and lower limbs. There was left hyperreflexia except for the 
ankle jerk. All abdominal reflexes were lively, and there were no patho- 
logic reflexes. Mentally, she lay quietly in bed most of the time, codperat- 
ing with ward routine. She was tidy. She occasionally showed consider- 
able irritability and emotional instability, especially in reaction to nurses. 
There were no spontaneous productions. The stream of thought was entirely 
normal. There were no hallucinations or delusions and no bizarre mental 
content. She showed no tendency to project her difficulties. Her affective 
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reactions were apparently adequate. There was no dissociation of affect. She 
showed a lively sense of humor, was actively interested in what was going 
on about her, being alert to even minor changes in her immediate surround- 
ings. When not stimulated she would lie on her bed with no particular 
affective display. She showed no depression or spontaneous weeping. 
When her self-mutilation would be discussed, she would become sad, 
depressed and lachrymose. She showed an intense reluctance to discuss 
this episode. She insisted that she did not remember the details of the 
period during which her eyes “fell out.” She clung tenaciously to this 
assertion for the first few weeks in the hospital. She was well aware of the 
seriousness of her defect. She expressed no hypochondriacal ideas. She 
seemed regretful regarding her misbehavior. Her memory for recent and 
remote events was good. Calculation and general knowledge was good. 
Her intelligence quotient was 82. Coéperation for mental test was entirely 
normal, She seemed to show good judgment and insight into everything 
except into the avulsion of her eyes. She admitted the other self-mutila- 
tory tendencies and insisted that she was compelled by some peculiar 
force to do those “horrible things.”’ She, however, denied that the same 
mental processes were responsible for the injury to her eyes. She improved 
rapidly both physically and mentally, and became spontaneously more 
cheerful, vivacious, interested in the other patients, began to codperate, 
was active in the occupational therapy class and readily learned the Braille 
system of reading. 

Careful psychologic probing was avoided because such attempts usually 
precipitated periods of marked dejection and apparently interfered with 
her progress. Analysis of dream material and association experiments 
vielded data of little value. Her psychosexual life was superficially unevent- 
ful. There is no record of any serious psychosexual trauma. She admits 
casual masturbatory activities but denies such as a regular practice. There 
have been no heterosexual contacts. There is no history of sexual delin- 
quency or erethism such as one occasionally encounters in girls with chronic 
encephalitis. Her fantasy life is concerned mainly with details of family 
relations and loss of her vision. We have not probed much beyond the surface. 
Such investigations are being continued. There have been no self-mutilatory 
tendencies noted for the past 6 months. About 4 months after her admis- 
sion to the Montefiore Hospital she finally admitted that she was untruthful 
in maintaining lack of knowledge of what happened. She admitted actu- 
ally tearing out her own eyes with her fingers and ascribed this behavior 
to an irresistible urge. She said, “I was like hypnotized at the time, 
something made me do it.’’ She never expressed any suicidal ideas. She 
states that she wants to live. There is no evidence of a reactive depression. 
The girl has made a very good adjustment in the hospital. 

Karly in July, 1932, she began to express mild paranoid ideas, felt the 
other patients were talking about her, and criticizing her. These mild 
ideas of reference, however, in no way changed her behavior. There has 
been no recurrence of self-mutilatory tendencies, affect remains normal 
and there are no hallucinations. 


Other cases reported in the literature are reviewed and the nature 
of the underlying psychosis discussed. 

Discussion. Self-injury by avulsion of one’s eyes is rare, though 
known to legend in the (idipus story, and the self-mutilation of 
the patron saint of eye diseases, Santa Lucia. There are 4 cases 
recorded in medical literature of patients who, in a similar fashion 
to our own, tore out both of their eyes, and 17 who succeeded in 
gouging out only 1. 
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We cannot include in our review reports in daily newspapers, a 
number of which we have noted in our search for records of such 
cases. Most of the cases have been described by ophthalmologists 
with very little comment on the psychiatric aspects of the cases, 
and a great many of the recorded instances are dated before the 
development of modern psychiatric nosology. We consequently 
have found it difficult at times to exactly classify the types of mental 
reactions in these patients. 


1. Bergman, in 1846, presented the history of a widow, aged 43 years, 
who was always melancholy and somewhat religious. On June 21, 1836, 
she moaned, sighed, cried, complained of her unhappy fate, her sins and 
foibles. Her case was diagnosed at the time as mania religiosa. On June 2S 
she was found in bed, her face covered with blood and without eves. She 
had not left the bed, but seemed to sleep with her bedclothes over her, 
and while in that position pulled out her eves. When asked for the reason 
for her rash deed she referred to Matthew, Chapter v, Verse 29: “and if 
thine right eve causeth thee to stumble, pluck it out and cast it from 
thee.” Her neighbors stated that for 3 years previous to her present 
illness she was seclusive, read a great deal and that 8 days prior to her 
admission she locked herself up in her own room and refused to answer 
any callers. She expressed religious delusions, and also entertained ideas 
of persecution. She made many attempts to hurt herself. An older 
sister suffered from a similar psychosis. The clinical picture suggests an 
involutional melancholia. 

2. Goffin, in 1887, reports a case of a man, aged 52 vears, who was ad- 
mitted to the hospital on April 11, 1887, after a night of excitement. He 
bade his wife and children to obey orders, made them sing together, then 
dance and pray, and insisted on religious poses and attitudes. Frightened 
by his peculiar behavior, they went to another room and locked themselves 
in. He soon quieted down, went to a neighboring convent and refused to 
leave the building, insisting that God ordered him to be there. He had 
to be forced and restrained and removed to the hospital. On the way he 
confessed and said that he was damned and unworthy of divine compassion. 
During the stay in the hospital he showed religious exaltation, manic excite- 
ment, irritability and stubbornness. He refused to eat and drink. The 
next day he showed ideas of grandeur and great wealth. On the third 
day he looked excited and upset and at noon of that day was asleep, and 
the attendant left the room. Ten minutes later an unusual noise was 
heard, and when the attendant entered he found the patient with the index 
finger of each hand in his eve and with his feet up against the bed. The 
lower lids were found torn in the center. The right eye was not in place 
and the left eye was almost out of its socket. He ascribed this act to the 
voice of God, who insisted that he sinned and that he tear out the eve which 
beheld the “nakedness” of his daughter. Rapid onset of dementia was 
the further course of this patient. General paresis was a very probable 
diagnosis in this case. 

3. Szigeti merely states in a brief communication to the Thirteenth 
International Congress of Medicine at Paris that Dr. Falga told him of an 
insane patient who tore out his eyes with his own hand. No further 
details are available. 

4. Terson, in 1911, tells of being called to see a woman, aged 41 years, 
who avulsed her own eyes in the presence of a more or less sleepy attendant. 
The patient was depressed with religious delusions. Two centimeters of 
1 optic nerve and 1.5 em. of the other were torn. 
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5. Blondel quotes the reeord of a patient with hysteria who pulled out 
her own eyes. He gives no details. (We have not been able to verify this 
reference. ) 

Von Carion, Cooper, Deardon, Nettleship and Smelanskij report 
patients who gouged out | eye, but give no details regarding their 
mental state, except to say that they are insane or inmates of 
asylums. The interest in the cases apparently lay in the surgical 
aspects of the self-mutilation. 

Despagnet’s patient had delirium tremens. Adams, Cronigneau 
and Buchanan report depressions in women about the menopause, 
the last case being definitely diagnosed as involutional melancholia. 
Axenfeld tells of a young woman who removed | eve during a 
“religious depression.” Coggin calls the mental state of his patient, 
religious excitement; Wachsmuth, catatonic excitement; Idler’s, 
Hlowden’s and Kayser’s cases strongly suggest schizophrenia. 

There are a number of other cases recorded of severe injuries to 
the eye without complete self-enucleation. There is no essential 
ditference from a psychopathologic standpoint between these unsuc- 
cessful attempts amd the above consummated avulsions. Fulton's 
patient practically tore his eyeballs from their sockets during a 
protracted alcoholic debauch. Dehn tells of a young girl, aged 
15 vears, who injured her eves so severely during an attack of manic 
excitement that they had to be enucleated. Chalupecky’s patient, 
a girl, aged 1S vears, apparently in a catatonic state, severely injured 
her left eve. One of Axenfeld’s patients was a paretic who acted 
under a delusion that he was going to the army. Another was 
apparently in an acute depression cyclothymic in nature, and a 
third in a state strongly resembling manic depressive stupor. 
Lafon tells of a serious self-injury to eyes in a manic depressive, aged 
40 vears, with a severe reactive depression. Harries, Furst and 
Axenfeld record cases of dementia precox, the self-mutilatory 
attempts usually being in reaction to hallucinatory experiences. 
All the cases recorded were psychotic and in the setting of severe 
mental disease attempted this unusual form of self-mutilation. 

In a number of instances the ophthalmic surgeons noted with 
some wonder the very neat enucleation of the eyeballs by the 
patients. Wachsmuth notes that the eve looked as though removed 
by operation, and Kayser says that the eve appeared as though 
enucleated by an expert. Von Carion, in 1859, also noted that the 
appearance of the eye was as if cut by a knife. The successful 
and complete evisceration was also noted in our own case. 

A fatal suppurative meningitis was recorded by Nettleship. Sur- 
prisingly, no other similar sequel is included in the case records. 
Von Carion’s patient apparently had a transitory infection of the 
sockets before complete healing. Chalupecky’s and Furst’s case 
later developed panophthalmitis. The infrequency of infection is 
noteworthy. 
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A few of the observers have recorded the lengths of the optic 
nerve torn with the eyeball. Buchanan reports the nerve severed 
close to the eyeball and Smelanskij, torn at the sclera. All the 
others who record the details say the optic nerve usually gave way 
much further posteriorly. Nettleship states that the optic nerve 
was torn at the commissure. MacKinlay notes that the nerve was 
severed so far back that no projecting portion was seen at the fora- 
men. Various lengths of the optic nerve avulsed have been recorded 
by those who gave preciser details. Kayser’s case had 4.5 em. of 
the optic nerve, apparently to the chiasm. In our patient the left 
nerve was 2 inches long and the right optic nerve was 1 inch. The 
left optic nerve was probably torn at the chiasm. The length of 
the optic nerve when stretched, as given by Merkel and NKallius in 
the Graefe-Saemisch Handbuch, varies from 2.9 to 5.1 em. 

Ophthalmologists have noted that when the optic nerve is sud- 
denly pulled at, it tears most readily at its junction with the chiasm, 
where it apparently is more fragile. Coppez, in 1929, experiment- 
ally proved that generalization and reported a case of anterolateral 
compression of the skull with avulsion of an-eye and temporal 
hemianopsia, on the opposite side. St. Martin and Claer reported 
similar accidents with dislocation of the eyeball and unilateral 
temporal hemianopsia. Kayser’s patient also showed temporal 
hemianopsia in the remaining eye. 

The question of the possibility of rapidly enucleating an eye with 
the fingers was solved experimentally by Axenfeld, who, in 1899, 
enucleated an eye in 1 minute on a fresh cadaver. He also showed 
that one cannot pinch off the optic nerve and sheath with the nail 
and that the tearing of this nerve is probably due to a sudden pull 
on its fibers. 

The psychopathology of self-blinding deserves comment. Blon- 
del noted that it is not one of the rarest types of self-mutilation, 
and suggested the interesting term cedipism. ‘There is no doubt 
about the fact that occasionally injury to the eyes is more or less 
fortuitous. In repeated attempts at self-injury, such as one fre- 
quently sees in patients with suicidal ideas, there must occasion- 
ally result injury to the exposed and relatively vulnerable eyes. 
Idler, Howden, Adams—all report repeated self-mutilations. Our 
own case bit her tongue, pulled out her teeth and scratched her 
face. 

In other cases the attempt to injure the eyes as such has particular 
significance. It is interesting that in % of the recorded cases, those 
of Bergman, MacKinlay and Kayser, the patients reacted to the 
well-known admonition in Matthew, Chapter v, Verse 29. Many 
of the patients acted in response to auditory hallucinations. In 
these latter cases one cannot ignore the pathoplastic significance of 
certain psychodynamic situations which many of the psycho- 
analysts have emphasized. Ferenczi and Reitler have pointed out 
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the reality and significance of eye symbolism— the equating in the 
unconscious of the genitals and the eye. Self-blinding, therefore, 
is a form of self-castration and evidence of the operation in the sub- 
conscious of the primitive talion principle (An eye for an eye, etc.). 
Bryan confirms the existence of such symbol formation. Howe, in 
studying the problem of compulsive thinking, noted a patient who 
admitted “I feel | want to gouge out my eyes.” Analysis of this 
individual, in the opinion of the author, left no doubt as to the 
‘astration symbolism. 

Abraham has clearly enumerated the varied manifestations of 
the castration complex i in the female. Thus it may be that in a 
certain proportion of patients acutely psychotic, these deeply lying 
unconscious complexes may come to the surface and, uninhibited, 
discharge along these unusual channels. Stern has shown how 
masochism can be brought about by the encephalitic process. 
Jeliffe, in his well-known effort to clarify psychosomatic relations, 
has shown how encephalitis can bring about “regression or dissolu- 
tion of function to earlier stages of organization.’”’ Lewis points 
out how a castration complex can be brought to the surface by the 
paretic process. We must admit that in this case, because of con- 
tinued lack of coéperation of the patient, we have not been able 
to trace in desired detail the psychodynamic significance of the 
self-blinding. 

We have been able to find only 2 cases on record of self-mutila- 
tion of teeth. One, in a patient reported by Allaman in 1913, was 
apparently a case of dementia precox and he pulled his own teeth 
in reaction to various delusions. In 1927 Claude, Baruk and 
Lamache reported a young man, aged 22 years, with chronic enceph- 
alitis, who among other compulsions pulled 12 of his own teeth. 
There are many records in the anthropologic literature of so-called 
ethnic mutilations (Deniker), where in various social groups in 
Africa, North America, etc., there exist rather painful self-mutila- 
tory processes dictated by the mores within the particular group. 
Julian Huxley noted while traveling through Africa, in 1931, “they 
extract their own teeth and then take those of animals, file the ends 
and screw them into the vacant sockets.”’ There are many other 
similar observations. 

Allaman’s patient used a dental forceps which he stole from the 
asylum cabinet. No mention is made of instrumentation in 
Claude’s case. Our patient used her fingers. One is almost 
tempted to assume that the teeth were loosened in their sockets to 
permit such facile extraction. We have noted in our experience un- 
usually rapid decay and loosening of teeth in patients with chronic 
encephalitis, who are usually very young individuals. More care- 
ful study of this problem is needed. Mori definitely notes an 
increase in the amount of caries in the teeth of a patient with 
chronic encephalitis and attributes these changes to involvement 
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of the fifth nerve which controls the trophic influences going to the 
teeth. 

Our patient is the only one in this literature on self-blinding 
with chronic encephalitis. The self-mutilatory tendencies noted in 
her we consider as compulsion phenomena. Compulsions have been 
rather frequently described in chronic encephalitis: Compulsive 
shouting, by Benedek and Shuster; sudden desire to break things 
in a patient of Claude and Tinel and Michon; homicidal and suicidal 
tendencies of obsessive nature in the case of Pascal, Vié and Agasse; 
impulse to strangle wife and child in Laignel-Lavastine and Desoille’s 
patient; compulsive thinking in the case of Stern's patient during 
oculogyric crises. In our own practice we have frequently encoun- 
tered such compulsive tendencies of diverse nature. Much of the 
antisocial behavior partakes of this character. 

The rarity of compulsions to self-mutilation in encephalitis is 
striking. Conn recently reported such an instance with a history 
of fracturing a number of her bones. Claude and his coworker's 
case has already been referred to. 

The repeated insistence of this patient during her early illness 
of complete amnesia for the period of self-injury brings up the 
question of the incidence of such confusional states in chronic 
encephalitis. They certainly are rare. One must be very careful 
in evaluating the patient's statements regarding such loss of memory 
for the details, especially of criminal behavior. Sittig reports a 
patient with an alleged amnesia for a sexual assault in a chronic 
encephalitic, aged twenty-one years. He indicates that he thought 
the patient was lying and simulating. In our own patient, after 
a few months of repeated attempts to obtain the truth, the patient 
finally admitted that she deliberately lied and that she recalled the 
process of self-mutilation. Boenhoffer notes the rarity of amnesia 
for acute episodes in encephalitis, stating that he never encountered 
any in 200 cases. Briand, Gelma, Meyer and Rossi, however, 
report patients with amnesia for antisocial conduct. One must 
accede that rarely such transitory confusional states with amnesia 
may occur, though one must conserve considerable scepticism for 
each particular case. 

Examination of this patient very soon after the avulsion showed 
no sensory anomalies. She admitted slight pain during the process 
of self-injury. One must assume a transitory affection of the pain 
perception mechanism, perhaps that one described by Schilder and 
Stengel in the supramarginal gyrus. That analgesias occur during 
states of intense emotion is well known. This irresistible impulse 
must have been accompanied by a powerful effect. The patient 
recalls a transitory state of lively anxiety, but cannot accurately 
describe her state of mind at that time. Courbon reports an 
interesting case of a mentally defective woman who, though repeat- 
edly mutilating herself with apparent analgesia, showed marked 
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hyperalgesia when any attempt was made to treat or examine her. 
This shows the marked effect of representations and ideas in sus- 
pending and modifying the activity of the pain perception centers. 
‘Transitory analgesias are not unknown in the psychoses though 
their explanation is still unsatisfactory (Bleuler). One of us saw a 
transitory universal analgesia lasting 3 days in a perfectly wide 
awake paranoid schizophrenic. Analgesias occurring in-patients 
with depression and with nihilistic ideas were mentioned many 
vears ago by Cotard. In some way the encephalitic process affected 
the pain perception mechanism so that its activity was suspended 
for a brief interval during which time this remarkable self-injury 
took place. The rédle in this case of self-puncture, masochistic or 
other subconscious determinants needs further study. 

Summary. A voung girl, aged 16 vears, with chronic encephalitis, 
suddenly gouged out both her eves while under observation in a 
general hospital. During a period of about 2 vears she pulled out 
all but 7 of her own teeth. 
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THE DIGESTION OF PROTEIN BY PATIENTS WITH GASTRIC 
ANACIDITY. 


By Don Cartos Hinges, M.D., 


RESIDENT IN MEDICINE, LANE HOSPITAL; CLINICAL INSTRUCTOR IN MEDICINE, 
STANFORD UNIVERSITY. 
SAN FRANCISCO. 


SINCE the introduction of histamin as a stimulus to gastric secre- 
tion, it has been demonstrated that the juice from some stomachs 
contains not only no free hydrochloric acid but also very little 
pepsin.'? It would seem of interest to inquire whether such pro- 
found changes in gastric secretion are followed by alterations in 
digestion. 

Two questions present themselves in such an inquiry: (1) Is 
digestion normally complete in patients with gastric anacidity? 
and (2) is digestion faster or slower than normal in such patients” 
Discussions of these questions constitute the two parts of the present 
paper. In both, consideration is limited to protein, since it is the 
only foodstuff on which the action of gastric juice is important. 


Part 1. COMPLETENESS OF DIGESTION. 


Since protein which is not digested is not absorbed in appreciable 
amount, it must be excreted in the feces. Fecal nitrogen may then 
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become an index of protein digestion. For it to be a valid index 
under all conditions, a further assumption would be necessary: 
Namely, that no protein which has been digested remains unab- 
sorbed to be excreted in the feces. Our results, however, are such 
as to render this assumption unnecessary in the present instance. 
We have therefore chosen fecal nitrogen as our index of the com- 
pleteness of protein digestion. 

Literature. ‘The early literature on human fecal nitrogen in 
health was summarized by Thomas in 1909.2 He found that in 
unselected cases on the average human diet the fecal nitrogen might 
be 2.6 gm. or more daily. The average was 1.0 to 1.5, and the lowest 
was ().7 gm. daily. 

A number of workers have concluded that in man and animals 
the nitrogen content of the feces is dependent largely on the bulk 
of the food residues, the nitrogen of the diet, provided it be diges- 
tible, having little effect.2"4"° Corroborative evidence for this 
conclusion is found in the data of Schamberg et al.'° from their 
work on the effect of diet in psoriasis. Their figures for 7 patients 
are taken, covering a total period of 368 days. 

Of these patients 5 had no history of gastrointestinal disease, 
1 had had a single attack of jaundice, and 1 had had several attacks 
of jaundice and was subject to bilious attacks. Gastric analyses 
were not reported. The periods for each diet and stool collection 
usually covered a week. 

The nitrogen in the diet ranged from 0.5 to 38.6 gm. daily, the 
fecal nitrogen from 0.54 to 2.66. The mean nitrogen in the diet 
was 13.75 + 0.82 gm., with a standard deviation of 8.75 + 0.58 
gm. The mean nitrogen in the stool was 1.36 + 0.045 gm., with a 
standard deviation of 0.48 + 0.032 gm. The correlation coefficient 
between dietary and fecal nitrogen is 0.236 + 0.088, and the cor- 
relation ratio is not significantly different from this. These figures 
indicate no significant association of dietary and fecal nitrogen in 
this group of patients unselected from the point of view of gastro- 
intestinal disease. 

Investigating patients with no free acid following the Ewald 
meal, von Noorden,” Strauss,2°?! and Mayer" determined the fecal 
nitrogen after known diets. They found an increase only in the 
presence of diarrhea. The results are, however, not significant 
with respect to the digestion of protein in anacidity except in the 
cases of pernicious anemia, since it has been demonstrated many 
times in the last few years that people who fail to secrete free acid 
after a meal of bread, gruel, or even alcohol may have a normal 
acidity during more powerful stimulation, such as from histamin 
or from meat.!8 

Material. ‘lhe patients used in the present studies were selected 
on the basis of availability from the ‘‘anacidity clinic.’'® They 
belong, with the possible exception of Case 2, to the group of 
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“unexplained anacidities,"!" a group in whom the anacidity is not 
associated with anemia or demonstrable gastrointestinal disease. 
All had had repeated tests of gastric secretion which in each case 
yielded only a few cubic centimeters of neutral mucus even after 
the powerful stimulus of histamin. 


Clinical Summaries. (Ase 1.—C. E., male, aged 68 vears, caretaker, 
had a carcinoma of the lip removed in 1928 without recurrence to date. 
His present diagnosis is arteriosclerosis and gastric anacidity, the latter 
discovered accidentally in April, 1930, during a routine hospital workup. 
He has no gastrointestinal complaints, has never been anemic, and repeated 
gastrointestinal roentgenograms have been negative. The urine is normal, 
and there are no signs of kidney disease. 

Case 2.—G. F., male, aged 47 vears, road-crew boss, had chronic arthritis 
of spine and chronic iritis (both inactive at present), polyposis of stomach, 
and anacidity. The urine is negative, and there is nothing to suggest 
kidney disease. The anacidity was discovered accidentally in 1929. Roent- 
genograms were taken in June, 1930, as part of the routine of the anacidity 
clinic, and there was reported a “ pyloric zone widened by an irregular filling 
defect on the greater curvature. This was perfectly definite and constant.” 
In December, 1931, “there was seen on the films and fluoroscopically a wide 
irregular pyloric zone which could not be pressed into a normal-looking 
structure. The films show what appears to be a string of polyps throughout 
the prepyloric antrum.”’ The patient is clinically well and is working. He 
has no gastrointestinal symptoms and no anemia. He refuses operation. 


TaBLeE 1.—DatLy NirroGgen Excuance Parr I. 


Fasting 
Bl. urea, Diet, Urine, Stool, 
mg. per 100ce. Bl. N in gm N in gm N in gm. 
CASE 
Day 1. 39.0 20.1 
Day 2. 20.1 16.0 5 
Day 3 . 20.1 16.0 1.1 
42.0 
Day 4. 1.3 13.6 1.3 
31.5 
CASE 2, 
20.1 13.7 {1.6 
Day 3 20) 19.3 1.6 
25.5 
1.5 5.0 11.6 
22.5 


Methods. The experimental procedure had as its purpose the 
comparison of fecal nitrogen during periods of high and of low 
nitrogen ingestion. A low-nitrogen diet was prepared consisting of 
vegetables, fruit, fruit juices, carbohydrate, and fat, with a daily 
caloric value of about 1900 and a daily nitrogen content calculated 
as less than 1.5 gm. To make a high-nitrogen diet of the same bulk, 
enough meat was added to bring the daily nitrogen to 20 gm., and 
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enough fat and concentrated carbohydrate were omitted to keep 
the total caloric value unchanged. Each diet was fed for a 3-day 
period, the high-nitrogen first. Fluids were kept at about 2.2 liters 
per day. The nitrogen content of the diet was calculated from 
tables*"! and is only approximate. 

On these diets the urine and stool were analyzed for total nitrogen, 
the urine being collected for 24-hour periods, the stool for each 3-day 
period with capsules of carmine as markers. The stools were trans- 
ferred to strong sulphuric acid immediately after collection and 
were later digested until reduced to a uniform thin suspension from 
which samples could be pipetted into Kjeldahl flasks. 

Results. All the stools were well-formed and normal in appear- 
ance. The fecal nitrogen, recorded in Table 1, is in all cases within 
the normal range and shows no significant difference between the 
period of high- and of low-nitrogen intake. 

Summary and Conclusions of Part I. 1. In studying the diges- 
tion of protein in 2 patients with gastric anacidity, the fecal nitrogen 
was determined. 

2. No significant change or deviation from normal was found after 
high- and low-nitrogen diets of equal bulk. 

3. It is therefore concluded that in such patients the digestion 
of protein may be normally complete. 


Part Il. RAPIDITY OF DIGESTION. 


The simplest way of measuring the rapidity of protein digestion 
would be through direct examination of the intestinal contents as 
digestion is completed. This is obviously impossible in man, and 
one is forced to employ a more indirect method. For the present 
study we have taken as an index of the rapidity of protein digestion 
the rate of nitrogen excretion in the urine following a high-protein 
meal in a patient already in nitrogen equilibrium at a high level. 

Before the nitrogen of ingested protein can make its appearance 
in the urine the protein must be digested, absorbed, transported 
to the liver, deaminized, and the nitrogen carried to the kidneys 
and excreted. Thus for urinary nitrogen to be an index of protein 
digestion there must be no departure from normal of the inter- 
mediary processes. 

If after protein ingestion, however, nitrogen should appear in 
the urine as promptly and adequately in patients with anacidity 
as in normals, one would seem justified in concluding that not only 
digestion but also absorption and the intermediary processes were 
normal. With prompt excretion of nitrogen in patients with anacid- 
ity, to postulate delayed digestion would necessitate assuming 
equally accelerated intermediary metabolism, a condition not only 
highly unlikely but forming, if in several patients, a series of very 
rare coincidences. 
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Literature. ‘To test the rate of digestion, absorption, and metab- 
olism of protein, Gruber’ fed meat to fasting dogs and found that 
nitrogen elimination began promptly, reached its maximum in 5 
to 7 hours, and subsided in 12 to 24 hours. Increasing the amount 
of meat or adding fat delayed the maximum. Firgau® in a similar 
procedure found that adding carbohydrate had no effect. Janney? 
found the same curve of nitrogen elimination in dogs made diabetic 
by phlorhizin. He also found” that the glucose derived from the 
protein was excreted almost as rapidly as the nitrogen. 

In man Haas’ found two maxima of urinary nitrogen, one in the 
second hour, and one in the fifth. As a mixed meal was adminis- 
tered in each case, the results are difficult to interpret. 

Material. ‘The patients used belong to the same group as those 
employed in Part I. Clinical summaries follow: 


Case 3.—A. J. G., male, aged 65 years, retired sheriff-keeper, had hyper- 
tension, general arteriosclerosis, renal arteriosclerosis, spondylitis deformans, 
glaucoma, ventral hernia, gastric anacidity, and psychoneurosis. In spite 
of the lengthy diagnosis he leads a normal life. His only complaint is of 
epigastric fullness after eating or drinking small amounts. It is interesting 
that in connection with other experiments‘ he swallowed a balloon which 
was inflated in his stomach to 1500 ec. without causing distress. His 
anacidity has been known since 1925. He has never been anemic, and 
repeated gastrointestinal roentgenograms have been negative. 

The urine contains a faint trace of albumin, but a fasting blood urea was 
37.5 mg. per 100 cc. blood, the phthalein excretion was 50 per cent in 2 
hours, and the Addis ratio? showed 70.5 per cent of normal kidney tissue, 
an insignificant impairment. 

Cass 4.—C. O., male, aged 64 years, laborer, had indigestion and gastric 
anacidity. Although he complains of constipation and a constant feeling 
of epigastric fullness for many years, he has gained 15 pounds in the past 
5 years. He is in excellent health, is not anemic, and gastrointestinal 
roentgenograms have been negative. The urine is negative, and there is 
nothing to suggest kidney disease. 

Case 5.—I. P., male, aged 62 years, salesman, had gastric anacidity, 
and syphilis (Wassermann, treated). His eating habits have always been 
poor, and in 1903 he began to have epigastric distress after meals. A doctor 
passed a stomach tube at that time and told him he had “‘catarrh of the 
stomach.” In 1916 he was told at the Mayo Clinic that he needed hydro- 
chloric acid. He appeared at the Stanford Out-patient Department in 
1922 with the same complaint of indigestion. At that time there was no 
acid after the Ewald meal, but gastrointestinal roentgenograms were nega- 
tive and there was no anemia. His status has not changed since then, except 
that the histamin test has revealed his anacidity as a true one. While in 
the hospital for the purpose of this study his gastrointestinal symptoms 
disappeared entirely, to reappear a week after dismissal. The urine is 
negative, and there is nothing to suggest kidney disease. 

Case 6.—T. M., female, married, aged 26 years, apartment-house 
manager, had rheumatic heart disease (inactive), cardiac dilatation and 
hypertrophy, mitral stenosis and insufficiency, gastric anacidity, and psycho- 
neurosis. Compensation is excellent. She complains of anorexia and epi- 
gastric distress, with belching and fullness after meals. Her weight has, 
however, been constant, there is no anemia, and repeated gastrointestinal 
roentgenograms have been negative. The urine is negative, and there are 
no signs of kidney disease. Her anacidity was discovered in 1930. 
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As controls, 3 healthy hospital house officers with normal gastric 
secretions were used. ‘They will be designated by their initials to 
distinguish them from the patients. 

Methods. ‘The immediate object of the experiment was to deter- 
mine the nitrogen content of the urine at frequent intervals after 
the ingestion of a single large quantity of protein. The protein 
was given in the form of a breakfast of beefsteak after an overnight 
fast. The patient was encouraged to eat as much beefsteak as 
possible. He received no other food until evening, when he was 
given a 1000-caloric supper containing less than 1 gm. of protein 
(0.16 gm. nitrogen). Fluids were kept at a total of about 2 liters 
distributed through the day. 

The beefsteak was in some instances ground before cooking. 
The patient was then allowed to eat it normally, with chewing. 
In other instances the beefsteak was cooked whole and then cut 
into half-centimeter cubes which were swallowed without chewing. 

To insure nitrogen equilibrium before the experiment, the patient 
was placed for the first 3 to 5 days on a control diet of 1.5 times the 
patient’s calculated basal caloric requirement (reduced by 100 
calories for hospital patients) containing 1.2 gm. of protein per 
kilogram of body weight. In 1 case the control diet was resumed 
for a day following the beefsteak day. 

During the beefsteak day and the day immediately preceding it, 
the urine was collected every 2 hours during the day, with an 8-hour 
interval at night. On the other days 24-hour specimens were kept. 
The stool was collected from some of the patients. Urine and stool 
were analyzed for nitrogen by the Kjeldahl method, and the urine 
was also analyzed for urea by the method of Addis.! 

Urea rather than total nitrogen of the urine was taken as the 
measure'of protein absorption, because urea, being the direct end- 
product of deaminization of protein, would be expected to reflect 
more delicately in its excretion any changes in protein absorption. 
Confirmation of this reasoning is found in Table 3 in the fluctuation 
of the figures for urea nitrogen with change of diet, as contrasted 
with the relative constancy of those for “total nitrogen less urea 
nitrogen”’ (column 4). 

Results. ‘The results are detailed in Tables 2,3 and 4. The data 
of Table 2 are shown graphically in Figs. 1 and 2. In each graph the 
actual length of the unit in each ordinate scale has been made pro- 
portional to the total quantity of beefsteak eaten; so that the same 
actual height of ordinate during the beefsteak day in any 2 cases 
represents an excretion of the same proportion of the ingested nitro- 
gen. Thus the curves for the beefsteak days are directly comparable 
to one another in terms of relative proportions of ingested beef- 
steak excreted as urea. 

It will be noted from Table 3 that in each patient the urinary 
nitrogen was practically constant for at least 2 days preceding the 
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Day 1 
Day 2 
Day 3 
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Day 1 
Day 2 
Day 3 
Day 4 


Normal ( 


Day 1 
Day 2 
Day 3 
Day 4 


(ase 
Day 
Day 2 
Day 3 
Day 4 


Case 4. 
Day 1 
Day 2 
Day 3 
Day 4 


Day 5 
Case 4. 
Day 1 
Day 2 
Day 3 
Day 4 
Day 5 


Day 6 
Case 5. 
Day 1 
Day 2 
Day 3 
Day 4 
Day 5 


Case 6. 
Day 1 
Day 2 
Day 3 
Day 4 
Day 5 
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Tanne 3.) Nrrrogen 


Diet. 


‘ontrol D.C. H. 

Control 

Control 

Control 

500 gm. finely ground 
beefsteak 

‘ontrol D.C. H. 

Control 

Control 

275 gm. beefsteak in 
cubes 

‘ontrol A. H. 

Control 

Control 

Control 

350 gm. beefsteak in 
cubes 

‘ontrol J. 

Control 

Control 

Control 

Control diet plus 500 
gm. beefstenk in 
cubes 


Control 

Control 

Control 

425 gm. finely ground 
beefsteak 


Control 

Control 

Control 

336 gm. finely ground 
beefsteak 

Control 


‘ontrol 
‘ontrol 
‘ontrol 
‘ontrol 
40 gm. beefsteak in 
cubes 
Control 
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Control 

Control 

Control 

Control 

500 gm. beefsteak in 
cubes 


—Control 


-Control 
-Control 
Control 
-321 gm. finely ground 
beefsteak 


* Diarrhea. 
The brackets in the last column indicate single periods of stool collection. 
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lt 4 13.4 
144 
14 4 147 12.0 2.7 
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meat meal, thus assuring nitrogen equilibrium. Uniform diserep- 
ancies between total daily intake and output are doubtless due to 
error in calculating the diet. None of the patients gained or lost 
appreciably in weight. 

The curves in the normals follow closely those of previous inves- 
tigators, with a more or less regular rise to a maximum in about 
6 hours, then a gradual fall. The excretion was as prompt and 
complete after cubes of beefsteak swallowed whole as after ground 
beefsteak well chewed. In no case was there diarrhea. These 
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Fic. 1.—Urea excretion in normals in Part IT. 


results confirm those of Foster and Hawk® that in normals bolted 
meat is practically as well utilized as overmasticated. 

All the patients after ingestion of ground meat show a curve of 
urea excretion which is essentially normal. The low excretion 
between 11 a.m. and 1 p.m. of the beefsteak day in Case 4 after 
ground meat was probably due to loss of part of the specimen. 
The urine volume for the period in question was very low (70 cc. as 
opposed to 280 and 325 for the preceding and succeeding periods), 
but with almost the same urea concentration as in adjacent periods. 
As corroborative evidence for a loss of specimen, the total excretion 
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for that day shows a smaller increment than does the nitrogen 
ingestion, 

Cases 4 and 5 after the meat cubes had diarrhea, with several 
loose but not foul stools. In Case 4 the diarrhea began about 12 
hours after the meal, in Case 5 about 5 hours after. In neither 
case was there fever, cramps, malaise, or other symptom of enteritis. 
The low urinary nitrogen output is, of course, due to the large loss 
in the stools. 


Case tl 2S 
Cround 
104 
| 
| 
104 Case 336 Ground 
0 
440 
Case | Cy 
GM bes 
104 
0 
= 4 Case V 500 Cubes 
CM 
T 
| 
£0 
5 
Case VI 32! Croung 
GM 
c 
« 
o 
z 
7 3 7 7 it 3 7 ? 
AM PM AM PM aM 
CONTROL DAY BEEFSTEAK DAY 


Fig. 2.-Urea excretion in patients with anacidity in Part IT. 


In each case, normal and anacidity, undigested muscle fibers 
were found microscopically in the feces from the meat meal, and 
there seemed to be no difference between the groups as to relative 
numbers of fibers or degree of digestion. In only one of the cases 
of diarrhea could gross meat residues be detected. 

Table 4, concerning the fluid exchange, is included to complete 
the data. 
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Summary and Conclusions of Part I. 1. As an index of the rate 
of protein digestion in patients with gastric anacidity the rate of 
urea excretion in the urine was determined after the ingestion of a 
single meal high in protein. 

2. In 3 patients whose meal consisted of ground beefsteak, normal 
rates of urea excretion were found. 

3. In 2 patients who swallowed the beefsteak in pieces without 
chewing, diarrhea developed with a large loss of nitrogen in the 


stools. 
4. It is concluded that in the absence of diarrhea, the digestion 
of protein in patients with gastric anacidity may be normally rapid. 


5. The conclusions from Parts I and II give the obvious explana- 
tion for the fact that persons with gastric anacidity may be well 
nourished over long periods. 
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A NEW THERAPY OF PEPTIC ULCER: CONTINUOUS 
ALKALINIZED MILK DRIP INTO THE STOMACH.* 


By Asner WINKELSTEIN, M.D., 
ADJUNCT ATTENDING PHYSICIAN AND CHIEF OF THE GASTROINTESTINAL CLINIC, MOUNT 
SINAI HOSPITAL; INSTRUCTOR IN POSTGRADUATE MEDICINE, COLUMBIA 
UNIVERSITY, NEW YORK CITY. 


(From the Medical Department of Mount Sinai Hospital.) 


Tue treatment of a disease is most rational when it is based on 
a complete knowledge of its etiology and pathogenesis. In the case 


* Read before the American Gastro-enterological Association, May 2, 1932, 
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of peptic ulcer (the term “peptic ulcer’ will be used as referring 
to ulcer of the stomach, duodenum and jejunum) such an ideal 
state does not exist. Because of striking differences of opinion, 
various therapeutic methods, medical and surgical, have arisen, but 
none is entirely satisfactory. In proposing another therapy, it is 
necessary to discuss the factors which seem to play the most impor- 
tant role in the ulcer problem. It is evident that the following are 
prominent: (1) Excessive irritation of the mucous membrane by 
certain types of exogenous mechanical, chemical and thermal stimuli; 
(2) the chemistry of the gastric secretion; (3) the tissue response to 
the above factors; (4) conditions causing or, at least, initiating 
recurrences; (5) an “ X”” factor. 

Given, for example, an individual, often of a certain morphologic 
type, ina family predisposed to the ulcer disease, with faulty dietetic 
habits, with tissues which react unfavorably to exogenous traumas, 
with a labile vegetative nervous system which initiates and exag- 
gerates the unfavorable tissue responses, with a stomach which 
secretes an eroding gastric juice; and particularly given an individ- 
ual who is exposed to mental, emotional and physical strains, and 
who reacts unfavorably to them, it would, I think, be generally 
accepted that we have most of the conditions entering into the prob- 
lem of chronic recurrent peptic ulcer in man. 

In brief, it is doubtful if there is a single definite cause of peptic 
ulcer. Nevertheless, despite the multiplicity and complexity of 
the factors just enumerated, one stands out prominently, namely, 
what may be termed the acid factor. A complete discussion of the 
role of gastric acidity in the pathogenesis of ulcer will not be at- 
tempted here. The following features, however, demand consid- 
eration: (1) Using histamin and neutral red to check up the sup- 
posedly anacid cases of ulcer, we have not encountered a single 
instance of peptic ulcer, proved at operation, without free hydro- 
chloric acid in the gastric contents. (2) We have not seen a recur- 
rent ulcer after subtotal gastrectomy for ulcer in a patient without 
free hydrochloric acid postoperatively. (3) The experiments of 
Mann, Exalto and Ivy, where the stomach was anastomosed with 
the jejunum and a duodeno-ileostomy performed, thus side-tracking 
the alkaline duodenal contents, with subsequent jejunal ulcer, are 
significant. (4) Finally it seems evident that those procedures, 
whether medical, as in the Sippy cure, or surgical, as in partial 
gastrectomy, which produce decreased or absent free hydrochloric 
acid, yield the best results in the treatment of peptic ulcer. 

Exactly how acid participates in the ulcer problem is as yet un- 
solved. Does it first produce a specific ulcerative gastritis (hon- 
jetzny, Puhl, Buchner) which, plus spastic and mechanical factors, 
leads to ulcer? Is it a primary hypersecretion dependent on hu- 
moral stimuli, or, what is more probable, on hypertonus of the vagus 
nerve? Is the hypersecretion after all secondary to the lesion? Or 
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rather, are protecting factors against peptic digestion or acid irri- 
tation, for instance, mucin, decreased or absent? Whatever réle 
one assigns to the acidity in the pathogenesis of ulcer, it should be 
readily admitted that its importance in relation to therapy may be 
strongly emphasized. One is tempted to propose as axiomatic that 
whatever measures will produce a harmless chronic achlorhydria 
will benefit peptic ulcer. This, however, is not a simple task. 

The human stomach is provided with a complex neuro-humora! 
mechanism for the production of free hydrochloric acid which is 
difficult to suppress without harm to the patient. The difficulty 
lies in the fact that it is impossible, medically, to inhibit the chemi- 
cal or humoral gastric mechanism. Surgically, true or false achlor- 
hyvdria (either is apparently sufficient to prevent ulcer recurrences) 
has been most successfully accomplished in partial gastrectomy for 
gastric ulcer — here one meets practically invariably with postopera- 
tive achlorhydria. 

When we consider the magnitude of the operation for the cure of 
peptic ulcer, we hesitate to advocate surgical therapy for every 
chronic ulcer. Certainly a fair percentage of ulcers, as evidenced 
clinically, radiologically, and from postmortem experience, heal and 
remain healed with (or even without) adequate medical therapy. 
It is, therefore, only fair, particularly where the duration is short, 
where the psychic and dietetic habits are good, and where the 
hereditary or morphologic makeup is not too pronounced, and 
where there are no complications, to advise medical therapy. We 
agree that all the factors should be considered and the following 
are essential in a good medical therapy: (1) Mental and physical 
rest; (2) mental sedatives and muscle antispasmodics; (3) local 
heat: (4) intestinal treatment; (5) avoidance of aleohol and tobacco; 
(6) eradication of reflex or other sources of irritation. 

But we are chiefly concerned with the acid factor, the importance 
of which we have already stressed. We have pointed out some of 
its relations to the pathogenesis of ulcer. It is now necessary to 
present additional data which also lead to our therapeutic attack. 

We have been impressed by the important réle of the nervous 
system (vagus nerve) in the hyperchlorhydria of ulcer patients. 
The familiar production of acidity or ulcer symptoms by psychic 
traumas; the large amount of fasting and continuous secretion in 
ulcer patients; the high acid curves produced in ulcer patients with 
sham or psychic feeding (Chart 1) all attest to the fact that the 
nervous stimuli are excessive in ulcer patients. 

Furthermore, as contrasted with controls, the patients with 
gastric or duodenal ulcer have a high nocturnal curve of acidity 
(Charts IT, HT, IV, V). Because of this observation one questions 
Whether any method of medical ulcer therapy thus far advocated 
accomplishes what seems the logical and desirable state, namely, 
the institution of a chronic achlorhydria. Now what I mean by a 
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chronic achlorhydria is nothing more or less than a constant neutral- 
ization of free hydrochloric acid in the stomach throughout the 
24 hours of the day. The Sippy treatment, in which Sippy by the 
use of cream and milk hourly, 12 hours daily, alkalies and evening 
aspirations, strove to establish a constant anacidity, does not realize 
that ambition. (In fact, our studies showing the high night acidity 
curves were made with the ulcer patient on Sippy régime.) 


HCl | 
110+#_- +—— ——-+— + + 
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Cuart I.—Sham feeding (vagus) curves of free hydrochloric acid in duodenal 
ulcer cases. In this test, adult male patients swallow the Rehfuss tube in the fasting 
state, then an orange is chewed but not swallowed. 


Because of all the foregoing considerations, and, for other reasons 
to be mentioned later, the following plan of attack on the acid factor 
in the treatment of peptic ulcer was formulated. 

Methéd. A Rehfuss tube is passed into the stomach of the 
patient and connected by a fairly long piece of rubber tubing to a 
gravity flask, and a Murphy drip indicator is interposed in the sys- 
tem. A solution consisting of milk containing 5 gm. of bicarbonate 
of soda to the quart is allowed to drip into the stomach at the rate 
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Cuarr II.—Night Rehfuss test—composite curve in 25 duodenal ulcer cases. 
Adult male patients eat a mixed meal at 5 p.m. At7 p.m. the Rehfuss tube is swallowed 
ind a sample aspirated every 2 hours during the night. The patient fasts, and as a 
rule, sleeps through the night. 
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Cuart III.—Very high curves of free hydrochloric acid in ulcer patients during the 
night. Test as deseribed in Chart II, 
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of 30 drops a minute (Chart VI). Thus the patient receives 5 
quarts of milk and 15 gm. of bicarbonate of soda per day. Such a 
solution will theoretically neutralize 9 quarts of j\y hydrochloric acid. 
Actually, many interval samples revealed an absence of free hydro- 
chloric acid with a low total acidity. Certain obvious difficulties 
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Cuart IV.—Night Rehfuss test composite curve in 14 gastric ulcer patients. 
Test as described in Chart II. 


in the treatment will be avoided if the following procedures are 
added: (1) Accustom the patient to the tube by doing a day and 
night fractional test meal first. (2) After 48 hours of the drip, 
study the chemistry of the blood, particularly its alkalinity. (Car- 
bon dioxid combining power.) If this approaches SO volumes per 
cent or if symptoms of alkalosis appear, decrease the alkali. In our 
series there were no symptoms. The carbon dioxid combining 
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Cuarr V.—Night Rehfuss test—composite curve of free hydrochloric acid in 10 
miscellaneous controls. Test as described in Chart IT. 


power varied from 60 to 70. The urine, of course, became alkaline 
while the blood urea and chlorids remained normal. (3) Use seda- 
tives. (Luminal during the day and a hypnotic at night.) (4) 
For dryness of the throat, an occasional sip of the mixture is per- 
missible (but not desirable). 
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As obvious adjuvants to the treatment, local heat is applied to 
the abdomen and atropin, gr. to 5, t.i.d. or q.i.d. (by hypo- 
dermic or mouth), is administered. The chill should be removed 
from the milk and the drip given continuously throughout the day 
and night. ‘To prevent psychic secretion, and this is a point of ° 
considerable importance, food should not be seen nor discussed. 

As a rule, the patients tolerate the tube nicely. That this would 
occur we knew from experience with the Einhorn treatment. ‘There 
the tube is allowed to remain in the duodenum 3 weeks. Einhorn 


Cuanrtr VI.— Patient with duodenal ulcer undergoing the treatment. Note that he 
appears perfectly comfortable. 


and his followers have treated an enormous number of patients in 
this fashion without any difficulty. The author, personally, has 
had no difficulty in continuing the treatment uninterruptedly for a 
period of 2 to 3 weeks. Then the tube is removed during the day. 
The patient receives conventional ulcer therapy consisting in bland 
feedings every hour or every 2 hours (with alkalies and atropin) 
from S a.m. to S p.m. At S p.m. the drip is again started. At the 
end of 4 weeks a second night fractional test meal is obtained and 
a radiologic checkup. The treatment is continued then according 
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to the indications. Several patients, on discharge, have continued 
for several months to take the milk drip on retiring. 

Results. During the past 22 months we have treated 42 patients 
—18 duodenal ulcers, 19 gastric ulcers and 5 jejunal ulcers. The 
entire group consisted of adult males whose age averaged 43 years. 
In the duodenal ulcer group the average duration of symptoms was 
4 years and 3 months. ‘Ten patients are symptom-free for 3 to 
6 months, 3 patients for 1 year, 3 for 14 years, 1 for 2 years and 
1 for 3 years. In 8 instances the radiographic signs, that is, an 
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Cuart VII.—The upper curves show the high point of free hydrochloric acid in 
the night Rehfuss before the drip treatment. The lower curves show the night 
Rehfuss curves of free hydrochloric acid after 3 weeks’ drip treatment. Tests as 
described in Chart II. 


irregular duodenal bulb, disappeared at the end of 3 weeks of the 
treatment. In 16 patients with gastric ulcer the duration of symp- 
toms averaged 6 years. The follow-up reveals that 4 are well at 
the end of 3 months, 5 at 6 months, 5 at 9 months, 1 at 18 months 
and 1 at 22 months. Radiographically, the ulcer niche diminished 
considerably in size in 5 cases and disappeared completely in 11 
cases. One patient (C. D.) with a large gastric ulcer near the 
cardia lost his symptoms and the niche for 4 months. Then his 
wife’s death, a separation from his children and the loss of his job, 
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were followed by a recurrence of the lesion. Again his symptoms 
and signs disappeared with the drip treatment. Four patients 
with large jejunal ulcers after partial gastrectomy were treated. 
Radiographically, the ulcer pockets disappeared completely and, 
clinically, 1 is well at 9 months, 1 at 6 and 2 at 4. Several other 
patients have been treated recently, but since the follow-up is less 
than 3 months the observations on them will not be cited now. 

Among the features of these cases worthy of comment are the 
following: (1) The loss of all symptoms in 4 to 6 hours after the 
institution of the drip is striking. (2) The complete comfort (in- 
cluding excellent sleep) of almost all the patients while on the drip. 
(3) The eagerness to return to the drip on the recurrence of even 
slight symptoms. (4) In several instances where no relief was 
obtained from the Sippy or mucin treatment, immediate improve- 
ment followed the drip treatment. (5) In many instances disap- 
pearance of the radiographic signs of the ulcer. (6) Although the 
subsequent course is not long enough to justify a conclusion, with 
one exception, no definite recurrences have been noted. (7) The 
willingness on the part of several of the patients to continue the 
drip at home at night (thus continuing an ideal ulcer therapy for 
long periods while pursuing their ordinary daily occupations). 

Of course, one should point out the following to temper the 
above: (1) The method is somewhat inconvenient to the patient. 
(2) It is not an ambulatory method. (3) One must consider the 
striking tendency of ulcer to recur after any form of medical therapy. 
(4) The probable intolerance of some patients to milk. (5) A 
larger series of cases and a longer follow-up study is necessary 
before drawing definite conclusions. 

It is hoped that the following will be realized: (1) That this is a 
logical and practical method of producing constant achlorhydria. 
(2) That the habit of secreting less acid (by lessening psychic secre- 
tion during the day and fasting secretion during the night) will be 
instituted in the patient (Chart VI). (3) That it affords a simple 
method of ideal self-treatment of the ulcer patient without stopping 
his daily activities. 

Summary. 1. The réle of the acid factor in the pathogenesis 
and therapy of peptic ulcer is discussed and its importance stressed. 

2. Some basic studies in gastric secretion are presented, illustrating 
the réle of the nervous system (vagus nerve) and the acidity curves 
during the night. 

3. Because of these facts, a new method of ulcer therapy consist- 
ing in a continuous drip, 24 hours daily, of alkalinized milk into 
the stomach is advocated on the basis of the results obtained in 
42 cases treated in this way. 
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THE PREDIABETIC STATE: ITS RELATION TO OBESITY 
AND TO DIABETIC HEREDITY. 


By James I). Tyner, M.D., 
RESIDENT IN DIABETIC DEPARTMENT, 
CANANDAIGUA, N. Y. 


(From the Diabetic Department of Dr. Floyd R. Wright at the Clifton Springs 
Sanitarium and Clinic, Clifton Springs, New York.) 


IMPAIRMENT of carbohydrate metabolism exists various 
degrees, the more marked of which are grouped in the disease 
entity, diabetes mellitus. There are no particular standards of 
blood or urine sugar determination which set this stage of impair- 
ment apart, since there is no perfect definition of diabetes mellitus. 
The same state of affairs exists in the milder portion of the impair- 
ment scale. Hence, the classification of the individual case as 
normal, prediabetic or frank diabetic depends largely upon the 
judgment of the clinician. 

Regardless of classification standards, no one denies that, satis- 
factory as the treatment of diabetes mellitus is, the result of dietary 
therapy for the incipient impairment of the prediabetic group is 
excellent. Slight restrictions in the dietary, either specifically or 
generally, usually suffice. It is not to be supposed that all pre- 
diabetics are expected to proceed along the impairment scale even- 
tually to become frank diabetics, but a number do, and these cannot 
be predicted in advance, so that treatment must be instituted for all. 
The restrictions involved, far from doing harm, can be said to be 
worth while in either case. 

The prediabetic state is easily detected by any carbohydrate 
tolerance test. The usual examinations of the fasting blood and 
of the urine specimens for sugar content are of little use in this 
condition. ‘The earliest evidences of carbohydrate metabolism im- 
pairment may be expected to be found in the postprandial blood 
sugar determination at approximately 2 hours following any meal 
of the day, but for purposes of standardization and statistics some 
variety of a tolerance test is desirable. No symptoms referable to 
the impairment are present at this stage of the disease. Selection 
of cases for the test must be made, therefore, from those groups 
which are known to present an increased incidence of prediabetes. 
These have often been described. Obesity and diabetic heredity 
are usually thought to be high in incidence of prediabetes. The 
present study has been undertaken to determine the extent of these 
factors in a controlled series of 500 cases each of normal and pre- 
diabetic carbohydrate tolerance curves. 

Method. ‘The Brill test meal! is used as a test of the carbohy- 
drate tolerance in this clinic. The method and the interpretation 
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of the results have been studied by Hubbard and Wright,’ who believe 
it to be quite as satisfactory as any carbohydrate tolerance test. 

The subject fasts from the evening before until the morning of 
the test when a urine sample is collected, blood is taken from the 
basilic vein for blood sugar estimation and the breakfast test meal 
of 100 gm. of carbohydrate, 25 gm. of protein and 25 gm. of fat, 
totaling 725 calories, is eaten. ‘Two hours later the second or post- 
prandial blood specimen is taken, and the urine is saved for 4 hours 
following the breakfast. Most knowledge of the state of carbo- 
hydrate metabolism is learned from the blood sugar estimation, 
especially the postprandial. Qualitative test for glucose in the urine 
is done, but little valuable information is thus obtained. 

The Benedict copper method is used in the estimation of the blood 
sugar content,’ the fasting normal of which is 70 to 90 mg. per 
100 ce. of blood. The normal postprandial or second blood sugar 
estimation for the test by this method has been said to be not over 
100 mg. No matter what the fasting determination may be, the 
test is said to be normal if the second estimation is normal and the 
latter really determines the normality or abnormality of the test. 

That group is considered prediabetic which has readings of over 
100 mg. and under 150 mg. for the second blood sugar. The fasting 
blood sugars for this group are largely normal; some are raised 
slightly. About 25 per cent of these prediabetics have sugar in the 
urine after the test. We do not believe that anyone would label 
this section as frank diabetic, but some may consider the normal 
line too finely drawn with many cases on the borderline between 
normality and the abnormality of prediabetes. However, one must 
have definite standards for statistical study and an attempt has 
been made to select as prediabetic a group above the set normal and 
below the genuinely diabetic. 

Five hundred cases classified by the above standards were studied 
from each of the normal and prediabetic curve groups. The entire 
1000 cases are part of a large series of patients who were thought 
to have possibly a prediabetic curve and in whom carbohydrate 
tolerance tests were made, but aside from this the cases are unsel- 
ected. The case record of each was studied and examined for age, 
sex, height in feet and inches without shoes, weight without cloth- 
ing, diabetic heredity and diagnosis. Actual weight was compared 
with normal weight;* the difference was evaluated in per cent 
above or below normal weight. Normal weight is considered in 
this paper to be within 5 per cent above or below exact normal 
weight, obesity 6 per cent or more above exact normal and under- 
weight as 6 per cent or more below exact normal. ‘Thin’ is some- 
times used to include both the normal and underweight groups. 

The heredity discussed in this paper is taken to be direct heredity 
from parents; any other heredity is termed familial and includes the 
history of the disease in brothers, sisters, aunts, uncles and cousins. 
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Tabulations were made of the weight and heredity factors in the 
normal and in the abnormal or prediabetic curve groups. Various 
correlations were attempted and the most significant are discussed 
below. 


= 
8 — 7 Normal Prediabetic 
Tolerance Tolerance 
Curves Curves 
2 
1000 Case 500 Prediabetic 
3 38S) 500 Normal 
47144 73}66 100587 59473) 45541 

7 


—26% -—-16% — 6% Oto +6% +16% +26% +36% +46% +56% + 65% 
and to to + 5% to to to to to to and 
over —25% -15% ,or-5%,+15% +25% +35% +45% +55% +65% over, 


Underweight Normal Overweight 
Weight 


Cuart I.—Comparison of normal and abnormal cases in various weight groups. 


Data and Interpretation. Prediabetes is found in 47 per cent 
of all the cases selected for the tolerance test in this clinic. We 
again emphasize the selection of cases and believe that the figure 
given is variable and depends upon it. 


Normal Curves Prediabetic Curves 
mah 52 22 | 26 54 22 | 24 
Sexes 
Males 49 20 31 51 25 24 
Females 55 22 23 55 21 24 


Per cent Overweight] Normal Weight Underweight 


Males - 194, Females - 306, in both Normal and Prediabetic Groups. 


Cuart II.—A condensation of Chart I with further division into sex. 


A comparison is made in Chart I between the number of normal 
and abnormal cases in various weight groups of the main weight 
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divisions. There is seen to be no constant relation between body 
weight and type of tolerance curve, except a minor correlation in 
the underweight. 

Chart II is actually a condensation of Chart I, with further 
division into sex. Within minor nonclinical variations there are 
no more obese cases in the abnormal (prediabetic) than in the 
normal group, no more normal weight cases are in the abnormal 
than in the normal group and there are no more thin cases in the 
normal than in the abnormal curve group. Sex makes no difference 
except in the male underweight group, and then the difference is 
not striking. The average gross distribution in the abnormal and 
normal curve groups shows about 50 per cent of each are obese, 
25 per cent normal in weight and 25 per cent underweight. When 
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Cnarrt III.—Analysis of abnormal curve cases by decades. 


considered alone the prediabetic section is obese; comparatively, 
however, there is no difference between it and the normal curve 
group. 

A series of curves are plotted in Chart III to show the percentage 
of abnormal curve cases by decades in: (1) The entire 1000 cases; 
(2) all the obese; (3) all the thin (normal or subnormal weight); 
(4) females of all weights; (5) males of all weights. Another 
(Curve 6) points out the percentage of the 1000 cases which are 
obese at each decade. The main course of each of Curves 1 through 
5 is the same; the variations from it are not great and in general 
the correlation of abnormality of curve seems to be with age, with 
the peak in the 7th decade and a later fall. The high percentage 
of obese subjects in the 2d decade is obviously untrue and due to 
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selection of obese for the test. There appears to be a slight ten- 
deficy in the 7th and Sth decades for prediabetes to be associated 
with the higher rather than the lower weights, and also with the 
female sex. ‘The number of cases involved in this portion of the 
graph is necessarily not great, the trend itself is not marked and of 
no clinical although perhaps of academic importance. Grossly, 
then, the variable incidence of prediabetes is associated with age 
and not with body weight or sex. 

To prove or disprove the hypothesis that the greater the weight, 
the higher might be the second blood sugar reading within our 
prescribed limits and contrariwise for underweight, a graph (Chart 
IV), which compares the weights of the prediabetic curve group 
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Cuarr IV.—Comparison of weights of the prediabetic curve group with blood 
sugar readings. 


with blood sugar readings, was made. The majority are found 
below 120 mg. Only 250 cases are considered in this chart and 
hence the plottings for 140 to 150 mg. are slightly inaccurate (due 
to the small number of cases) except for the obese group which 
contains about twice the number of cases found in the other 2 groups 
as we have seen in Chart II. There is no distinct correlation 
between these factors as considered above. 

All data on heredity are included in Chart V. Part A demon- 
strates the larger percentage of abnormal curves in the direct 
hereditary group and in the combined direct and familial hereditary 
group but not in the familial group. Part B determines that the 
prediabetic state is more common in the obese than in the thin 
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(normal or underweight) and that the direct hereditary group as a 
whole is 66 per cent obese compared with 53 per cent in the entire 
prediabetic group. The number of abnormal curves for each decade 
is compared with the number of normal curves in the obese in Part C, 
in the thin in Part ) and for all weights in Part &. Obviously 
the obese show a higher incidence of prediabetes when direct 
heredity Is present. 

Discussion. Briefly, obesity is not intimately associated with 
the prediabetic state nor underweight comparatively unassociated 
with it. The incidence of prediabetes for each weight group is 
the same within clinical limits. The thin subject is just as apt to 
be prediabetic as the fat subject at the same age. 


Cuartr V.—Dara on Hereprry. 
A B 
Nor-  Predia- Direct heredity 
heredity Causes mal betu Typ eurve bye se Thin. 
Direct heredity 73 55% 85% Prediabetic 73% 27% 
Familial heredity 32.0 53% Normal curve 58% 42% 
Combined fam. & dir. 2 2% 58% Both pre and norm. 66°; 


Direct heredity. 


Total Per 
Decade 2d 3d ith oth 6th 7th Sth cases 


cent 

C-Obese Normal 0 2 1 3 S 2 0 19 10 
Prediabetic 0 0 13 3 0 29 60 

sa Normal l 2 2 4 4 1 0 14 56 
Prediabetic 2 3 2 0 11 14 
Normal 6 7 12 0 33 15 
weights Prediabetic 2 3 9 6 15 i l 10) 55 


Prediabetes shows an age correlation for all sexes and all weights 
except for minor variations in the 7th and Sth decades, as shown 
above. 

Cases of heredity of the direct type present an increased incidence 
of prediabetes; the familial type does not. In the direct heredity 
group obesity shows a higher incidence and underweight a lower 
incidence of the disease. Strangely enough, the direct heredity 
group is more obese than the whole group of 1000 cases; the latter 
presents about 53 per cent obesity and the former about 66 per 
cent obesity. This may be a matter of training in eating habit, 
selection of cases or of metabolism. The importance of diabetic 
heredity is becoming more evident as time goes on© More and 
more is diabetes being found to have an hereditary background, 
although not distributed according to the Mendelian law.* 

When considered practically, the data on prediabetes, age and 
body weight suggest that body weight cannot be used as a criterion 
for selection of cases for the carbohydrate tolerance test in the 
detection of prediabetes but that, regardless of body weight, a larger 
percentage of prediabetics may be expected in the older age groups. 
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The data of the hereditary group present results quite in contrast 
to the above and the hereditary case is more apt to be prediabetic 
than not if he is fat, and the opposite, if thin. The differences 
here are definite and reduction or maintenance of lower weights 
for the hereditary prediabetic seem indicated. We do not presume 
to say, however, that the obesity is the cause of the prediabetes. 

Summary. |. A series of 500 normal and 500 prediabetic car- 
bohydrate tolerance tests were analyzed to determine the incidence 
of obesity and diabetic heredity in the prediabetic state. 

Body weight cannot be correlated with the prediabetic state. 
Obesity does not present an increased incidence, nor underweight 
a decreased incidence of prediabetes; each is equally associated 
with it. 

Prediabetes is correlated, in general, with age. The peak is 
reached in the 7th decade and thereafter declines. 

4. Sex does not appear to be a factor in prediabetes. 

Heredity of the direct diabetic type shows an increased inci- 
dence of prediabetes in the obese, not in the thin. Heredity of the 
familial type is not associated with prediabetes any more than the 
average group of cases. 
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PRIMARY PERITONITIS COMPLICATING SCARLET FEVER. 


By Ferpinanp G. Koss, M.D., 


SENIOR RESIDENT, WILLARD PARKER HOSPITAL, 
AND 


Epwarp J. M.D., 


ASSOCIATED VISITING SURGEON, WILLARD PARKER HOSPITAL, 
NEW YORK CITY. 


Bicnat™ was the first to consider peritonitis to be as distinct 
from enteritis and gastritis as pleurisy is from pneumonia; Wells™* 
(1799-1813) was the first to observe peritonitis occurring in scarlet 
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fever; Janin de Saint Just®* (1820), the first to report peritonitis at 
autopsy in scarlet fever. 

West®* (1875) referred to peritonitis in scarlet fever as being 
secondary and rarely primary, occurring usually with pleurisy with 
effusion or dropsy ; but he reported that he had also seen it occurring 
independently of dropsy as a complication of scarlet fever due to 
a change in the blood and falling into the same category as the 
complication of arthritis or cervical adenitis. He also stated that 
this form of peritonitis is usually not accompanied by great pain, 
but by marked depression with death coming in 2 or 3 days, and 
is characterized by a great amount of seropurulent effusion, quite 
similar to that encountered in cases of fatal puerperal fever. The 
frequency varied with different epidemics; sometimes it was not 
seen for a number of years, and then again, several cases appeared 
in a few weeks. He never saw it except during an epidemic. 

Referring to primary peritonitis, it may be well to enlarge upon 
its meaning. By primary we designate a peritonitis which does 
not show any demonstrable focus in the abdominal cavity. This 
automatically rules out cases arising from appendicitis, as reported 
by Sutton,” Newman," and Canelli,? which we believe with Tice” 
are merely coincidences. It also excludes those cases in which the 
etiologic factor is probably introduced from without, as in the case 
related by Taylor,* in which scarlet fever antitoxin was adminis- 
tered into the abdominal cavity, or when it may be due to an 
extension from a local process, as from an abscess or from an osteo- 
myelitis of the hip, as we have seen on occasions. 

The various cases reported in the literature are related in the 
following table according to their chronologic appearance, together 
with their main points of interest. It may be added that Weaver,”® 
out of 2595 cases of scarlet fever occurring at the Durand Hospital 
in Chicago between the years of 1913 and 1922, had never seen a 
case, and neither did Somerset® out of 2500 cases occurring at the 
Willard Parker Hospital from 1893 to 1899, inclusive. 

Case Reports. Case 1.—A young girl, aged 10 years, was admitted on 
November 17, 1930, with a history of being well until 5 days prior to admis- 
sion when she began to have pain in the abdomen and general malaise. 
The second day she vomited twice and had a sore throat. The third day 
her skin became itchy and she vomited again. The fourth day, the pain 
in her abdomen became more generalized and a rash broke out on her body. 
The same day she also became delirious. The fifth day the rash was more 
marked. She had loose stools twice daily since onset. 

Physical examination on admission showed a well nourished and developed 
girl, alert but acutely ill with Hippocratic facies. The skin was covered 
with a generalized, scarlatinal, hemorrhagic eruption. The lips were cherry 
red. She had frequent eructations with fruity odor to her breath. Mouth 
was dry. The tongue was of a strawberry type. The tonsils were slightly 
enlarged and congested but not adherent to the pillars. The uvula and 
soft palate were markedly edematous and congested. The pharynx was 
moderately congested. The tonsillary glands were large-pea size and slightly 
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tender. The heart apex was in the fifth interspace in the midelavieular 
line. The heart sounds were of good quality with the first sound booming 
at the apex. There was a soft, nontransmitted bruit at the apex. The 
abdomen was tense and slightly distended, and markedly tender. The veins 
over the abdomen and lower chest were moderately dilated. The liver and 
spleen were not palpable. The right ear drum was normal but the left 
was dull. There was a left mastoid sear. 

Past History. The patient had always been well except for an attack of 
measles complicated with a left otitis media and mastoiditis necessitating 
a mastoidectomy. 

Admission Diagnosis. Toxic searlet fever with acidosis; general peri- 
tonitis; questionable streptococcemia. 

Temperature, 101.2° F.; pulse, SS; respirations, 24. The white blood 
cell count was 24,600 with 87 per cent neutrophils. Urine showed a trace 
of albumin with 20 white cells and 4 red cells per high power field. Throat 
culture showed hemolytic streptococcus predominating. Blood culture was 
sterile 1 week later. 

Following negative conjunctival and intracutaneous sensitivity tests to 
horse serum, patient was given 10,000 units of scarlet fever antitoxin intra- 
muscularly and 2500 units intravenously. Thirty-five minutes after the anti- 
toxin was administered the patient had a severe reaction manifested by a 
chill, marked cyanosis and thready pulse, lasting about 15 minutes. Due 
to the serious condition of the patient, the laparotomy was postponed. The 
next day, the sixth day of her illness, the patient showed early signs of 
bronchopneumonia in the right lower lobe. A Roentgen ray taken of the 
abdomen showed a marked dilatation of the stomach with fluid in the 
abdominal cavity. The white blood cell count was 28,600 with 85 per cent 
neutrophils. 

Laparotomy. Right reetus incision was made; the rectus was retracted. 
On opening the peritoneum, a thick seropurulent fluid gushed forth under 
marked pressure. Thick grayish-white fibrinopurulent exudate covered 
the exposed visceral peritoneum. The parietal peritoneum was covered with 
a thinner laver of exudate. The intestines not covered with exudate dis- 
played a bright red, fiery appearance. The appendix was normal, except 
for some redness of the serous covering. The fluid was odorless. The 
appendix was removed. Three cigarette drains were inserted. The fibrino- 
purulent exudate resembled a pseudomembrane of varying dimensions, in 
some places being } inch in thickness. The section of the fibrinopurulent 
exudate was composed of neutrophils for the most part. The section 
of the appendix was normal, except for the serosa, which showed an in- 
flammatory process. The culture of the fluid was a hemolytic strep- 
tococcus. 

On the 7th day temperature rose to 105.6° F. The rash had markedly 
faded. The patient vomited twice. Transfusion of 330 ec. of whole blood 
was given as well as 900 ec. of hypodermoclysis of 5 per cent glucose in 
saline. Blood culture was also taken, and was sterile | week later. On the 
Sth day the patient had a bilious emesis, and was given a gastric lavage; 
9th day, had marked diarrhea having 8 stools; 10th to 13th day, had 10 to 
13 stools daily. Urine was free from albumin. Temperature ranged 
between 105.6° and 101.8° F. Patient was better; 17th day, diarrhea ceased : 
33d day, blood culture was taken, which was sterile | week later; 17th to 
47th day, had a temperature between 103° and 99.4° F. and was gradually 
improving; 47th day, was discharged against advice. The wound had 
completely healed 2 months after her dismissal from the hospital. The 
patient has been well ever since. 

Case 2.—A baby boy, aged 20 months, was admitted to the hospital on 
January 12, 1931 (3th day of illness) with a history of cold, cough, fever 
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1.--Perrinenr Dara or Cases Revo 
Aue Sex Onset Treatment. Appendix 
Not } 12th day Not diagnosed dur- No mention 

stated ing life 
19 F. 19th day Medical 
21 F. jth day No mention 
5 M 2sth day 48th day, paracen- No mention 
tesis,21oz. of pus 
4%th day, rup- 
ture of umbilicus 
1 M 24th day Laparotomy Normal 
2) M Eruptive Medical No mention 
staue 
74 M Eruptive Med ca No mention 
stage 
7m Not Not Medical No mention 
stated stated 
6 Not Not Medical No mention 
stated stated 
15 Not Desq Medica No mention 
stated period 
28 ; 12th day Medical No mention 
12 F. 15th day Medical No mention 
4 M 2d day See findings Appendiceal 
abscess 
5 day Laparotomy Slight fibrin- 
ous perito- 
nitis other- 
wise norm 
F. 24th day Medical Surface con- 
gested, cov- 
ered with 
fibro-puru- 
lent exu- 
date 
; I 12th day Laparotomy 49th No mention 


day 


SCARLET FEVER = 715 
RTED IN LITERATURE, 
Results Findings 
Died Itth day Large abdominal effusion; 
spleen very large and 


mushy; covered with great 
amount of fibrinous exu- 
date; peritoneum in places 
covered with plastic ex- 
udate. 
Recovered, 
26th day 
Died Sth day, Marked congestion of perito- 
24hrs. after neum covered with fine, 
admission fibrinous exudate; fluid al- 
most transparent; intes- 
tines congested. 
tecovered Streptococcus 


fluid. 


pyogenes in 


Died Thin pus, followed by cord- 
like substance; intestines 
red, congested; fibrin layer 
on diaphragm, spleen, liver 

Died No mention. 

Died No mention 

Died No mention, but speaks of 
streptococcus being the sec- 
ondary invader. 

Died All Teissier’s cases except one 
were discovered postmor- 
tem. 

Died 

Died 

Died 


Recovery 4th Operated on 14th day pre- 
day, much viously for an appendiceal 
better abscess and was stil] drain- 
ing at onset of scarlet fever. 

Free pus in right pelvic fossa, 
odorless; right tube mark- 
edly injected, deep red, ad- 
herent to surrounding struc- 
tures by delicate fibrinous 
adhesions, denser here than 
throughout the rest of the 
peritoneal tract; culture of 
the fluid was a hemolytic 
streptococcus, 

Intestines covered with ex- 
tensive fibrino-purulent ex- 
udate; subphrenic and pel- 
vic abscesses; patient had 
vaginitis from the 10th day, 
the smear of which showed 
Gram-positive cocci. 

Abscesses right lower quad- 
rant and right upper quad- 
rant; intestines matted to- 
gether; gastric retention, 
47th day; culture of the 
fluid was a green-producing 
streptococcus with a foul 
odor. 


tecovered 


Died 40th day 


Recovered 


Out of 5500 eases of scarlet fever occurring at the Willard Parker Hospital from 1928 to 
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we have seen only 3 cases of primary peritonitis. 


However, there were many other 


cases of secondary peritonitis due either to the suppuration of mesenteric or retroperitoneal 
lymph nodes, or to appendicitis, or to an extension from a local process as from an abscess 


or from an osteomyelitis of the hip. 
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and rash. Past history: Patient has always been well except for an attack 
of measles at 15 months. Physical examination on admission: Patient 
was a marasmic, rachitic, acutely ill, pale, baby boy with typical pneumonic 
facies. There was a fine desquamation on the body. The tongue was of 
the strawberry type. The tonsils were mildly congested and considerably 
enlarged but not adherent to pillars. There was a punctate enanthem on 
the soft and hard palate. Tonsillary glands were small-pea size and slightly 
tender. The heart apex was in the 5th interspace just outside the mid- 
elavicular line. The first heart sound at the apex was booming. There 
were signs of bronchopneumonia in the left lower lobe. Liver was at the 
costal margin. Spleen could not be felt. 

Admission Diagnosis. Scarlet fever with bronchopneumonia in the left 
lower lobe. 

Urine showed a faint trace of albumin. Throat culture showed a hemo- 
lytic streptococcus predominating. On the 16th day he ran a double remit- 
tent type of fever; 104° to 100° F.; 104.4° to 101° F.; 17th day, had marked 
anorexia; 18th day, vomited and showed signs of bronchopneumonia in 
right lower lobe. Blood culture was positive for hemolytic streptococcus; 
19th day, vomited; 21st day, vomited again. He was given a transfusion 
of 120 ec. of whole blood. Temperature ranged between 105° to 98° F. 
from 15th to 22d day; 23d day, had 3 loose greenish stools. Up to this 
time patient had 2 to 3 stools daily, but they were all well formed and of 
a yellowish color. White blood cell count was 23,450, with 78 per cent 
neutrophils, 18 per cent lymphocytes, and 6 per cent mononuclears. Red 
blood cell count was 4,240,000 with hemoglobin 50 per cent; 24th day, 
thoracentesis of left chest was done and 20 ec. of thick, greenish-yellow 
fluid with a brownish tinge was removed, the culture of which was hemo- 
lytic streptococcus. White blood cell count was 10,250, with 61 per cent 
neutrophils, 33 per cent lymphocytes, and 6 per cent mononuclears. 
Red blood cell count was 3,270,000 with 55 per cent hemoglobin; 25th 
day, thoracentesis of left chest was repeated and 170 cc. of a thicker but 
similar fluid was withdrawn. Transfusion of 120 ec. of whole blood was 
given. Anorexia was less marked; 26th day, was more alert. Urine showed 
a trace of albumin with 3 white blood cells and an occasional red cell per 
high-power field. The red blood cell count was 4,930,000, with hemoglobin 
70 per cent; 27th day, patient died. Eleven hours prior to death, patient 
vomited a watery material with few milk curds; 94 hours later he vomited 
again, but this time a dark, brownish fluid. Abdomen was not remarkable 
6 hours before death. Temperature, 103° to 99.8° F. (23d to 27th day.) 

Necropsy. On opening the peritoneal cavity, about 400 cc. of yellow, 
slightly turbid, fluid was found. There were profuse, fine, soft, fibrinous 
adhesions matting together the intestines and involving all the abdominal 
viscera except the kidneys. The visceral peritoneum and mesenteric lymph 
nodes showed an acute congestion. The nodes were large and soft. The 
appendix was normal although retrocecal and attached by soft adhesions. 
No primary focus for the peritonitis could be found. 

Histologic sections of the peritoneum showed an acute inflammatory 
process. There was a thick or thin layer of fibrin on the surface. This 
frayed out on the free surface, where it was laid down in the characteristic 
shingled fashion and showed extensive hyalinization. In the meshes of 
this fibrinous exudate were many leukocytes, but toward the peritoneal 
surface there was a considerable infiltration of mononuclear inflammatory 
cells as well. The serosa itself in many places was destroyed and the 
peritoneal cells missing. There was considerable edema with delicate fibrin 
network in the areolar subperitoneal tissue. 

Another interesting and unusual thing which transpired at the autopsy 
was the finding of an erosion of the esophagus about the size of a quarter- 
dollar posterior to the left ventricle. 
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Cass 3.—A young adult woman, aged 32 years, was admitted to the 
hospital December 20, 1931, from one of the city hospitals, with a diagnosis 
of searlet fever and ectopic pregnancy, and with the following history: 
On December 12 the patient had a sore throat and malaise; December 13 
the sore throat was worse and a rash appeared on her body; on the 14th she 
had bleeding from the vagina; on the 19th she had severe pain in the abdo- 
men and vomited thrice. The vaginal bleeding persisted daily, but began 
to decrease, and on the 19th was very slight. She had had 3 children: the 
first, 9 years ago, and the last, 2 years ago. Menses have always been 
regular, last time November 27, 1931. Patient has always been well. 

Physical examination on admission showed a well nourished and devel- 
oped young adult woman, acutely ill, alert, and complaining of pain in her 
abdomen. The skin was covered with a fading, scarlatinal, hemorrhagic 
eruption. She was beginning to desquamate on her neck. There were also 
a few urticarial wheals over the body. The tongue was of the strawberry 
type. There was a moderate congestion of fauces and pharynx with a 
punctate enanthem on soft and hard palate. The tonsils were slightly 
enlarged and congested but neither cryptic nor adherent to pillars. The 
tonsillary glands were large-pea size and tender. The abdomen was slightly 
tense, being tender all over, but chiefly in both lower quadrants, especially 
the right. Rectal examination was negative except for tenderness which 
was more marked in the right lower quadrant. Chest and neurologic exam- 
inations were,negative. There was no bleeding from the vagina, but there 
was a small amount of blood in the vagina. Temperature, 104° F.; pulse, 
132; respirations, 28; white blood cell count was 26,000 with 95 per cent 
neutrophils; urine was negative. 

Admission Diagnosis. Scarlet fever with an acute abdomen and urti- 
caria. Throat culture showed a hemolytic streptococcus predominating. 
Blood culture was sterile 1 week later. 

Laparotomy. A lower midabdominal incision was made. The perito- 
neum was opened and about 500 ec. of free seropurulent, greenish-yellow, 
odorless fluid was found in the peritoneal cavity. The visceral and parietal 
peritoneum was red and congested, but no fibrinous exudate was found. 
Appendix was normal. The appendix was removed. The stomach, tubes, 
ovaries and gall bladder were normal. Two large cigarette drains were 
inserted. Culture of the fluid gave a hemolytic streptococcus. Patient 
was immediately given a hypodermoclysis of 2000 ec. of 5 per cent glucose 
in saline. The next day the patient was worse with the temperature rising 
to 105° F. White blood cell count dropped to 5900 with 95 per cent 
neutrophils red cell count was 3,990,000 with 65 per cent hemoglobin. Blood 
culture taken again was sterile a week later. Following negative con- 
junctival and intracutaneous tests to horse serum, patient was given 20,000 
units of searlet fever antitoxin intramuscularly. She was also given a hypo- 
dermoclysis of 1000 cc. of 5 per cent glucose in saline, followed by an infusion 
of 500 ce. of 10 per cent glucose in saline. Immediately following the 
administration of the infusion, the patient had a mild rigor, lasting about 
15 minutes, and appeared much worse. She died 2} hours later, having a 
temperature of 109° F. Necropsy could not be obtained. 


Discussion. [xcept for a small contribution which bacteriology 
has made, there has not been anything really added to further 
the knowledge of this condition since Breton wrote his essay in 
1888. The signs and symptoms as well as the etiology, pathology 
and treatment were fully described by him. Diarrhea, which had 
occurred in both of his patients, was the symptom he had stressed 
the most. The authors of the other cases, with two exceptions, did 
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not even mention this symptom. On the other hand, we noticed 
it in 2 of our 3 cases. 

An interesting question suggests itself in the endeavor to solve 
the mode of transmission of the etiologic factor. Tlow does the 
peritonitis arise if there is no local abdominal focus to be found” 
The various pathways to be considered are the blood stream, 
lymphatics, or direct extension either from the mouth or from the 
genital channels. Flexner,’ who considered a primary peritonitis 
to be an infection arising either from the blood stream or the lym- 
phatics, stated that it occurred only as a terminal event, following 
a prolonged illness. ‘This correlation apparently does not seem to 
fit any of these reported cases, except one of ours, as they evidently 
had all been in good health prior to the onset of the scarlet fever. 
This appears to be substantiated by authors (Grawitz,> Herren- 
schmidt,!® Rabinowitz,'* and Schwartz*!) in their writings on primary 
streptococcic peritonitis, a condition, though highly similar, vet 
occurring ever so much more frequently. They favor the hemato- 
logic route as being the transmitter of the etiologic factor. Kunzel," 
through his gross pathologic, microscopic and bacteriologic studies, 
believes that he has disproved the gastric and intestinal origin, for 
he failed to find any intermediary abdominal focus, as his cultures 
of the appendix, uterus, spleen, intestines, tubes and ovaries were 
sterile, whereas those of the peritoneal exudate and nasopharynx 
showed streptococcus. He claims that this is absolute evidence of 
blood stream infection. On the other hand, although we are inclined 
to consider this route the most likely, it does not appear to be 
the exclusive one, for out of a series of 5500 cases of scarlet fever 
there were 42 cases which had a hemolytic streptococcemia during 
life, but only 1 of these showed a general peritonitis at autopsy. 
Such an infrequency would tend to indicate a none too low, if not 
a high, resistance-coefficient on the part of the peritoneum against 
any pre-agonal or agonal infection from the blood stream. Moreover, 
the several blood cultures taken from our other 2 cases were all 
sterile. This would tend to discredit the hematogenous route, 
although it would not disprove it, for not infrequently, even if the 
blood stream is not sterile, one is not able to obtain from blood 
taken out of a peripheral vein a sufficient number of organisms to 
yield a positive culture.” The other writers apparently did not 
take any blood cultures as not a single writer even mentioned them. 
If the lymphatics are the conveyors, they can be palpated either 
by rectal examination or during a laparotomy, or both, and also 
on the postmortem table, procedures each of which we had the oppor- 
tunity to verify on 2 cases which will be published later. 

Favoring a direct extension appears to be the work of McCartney,” 
who recovered from peritonitis in monkeys the same strain of pneu- 
mococcus that he had introduced into the vagina 3 days previously, 
and by both bacteriologic and pathologic studies showed that the 
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organism passed by way of the uterus and tubes without) caus- 
ing any appreciable local inflammation. From this investigation 
he concluded that primary pneumococcus peritonitis in the female 
arises from the genital route. To a certain degree his work might 
be given some credence statistically by the slight increase of the 
incidence of this condition in the female (Ehringer,’ Rischbieth!’). 
The latter reported that out of 57 cases of primary pneumococcus 
peritonitis which he had collected, the incidence was slightly higher 
in the female under 10 years of age. Because all of his strepto- 
coccus peritonitides had occurred in the female, Armstrong! insisted 
that the Fallopian tubes were the path of the invader. But his 
series was limited to only a few cases. Nothnagel” stated that 
the streptococcus was swallowed with the sputum and by wan- 
dering out through the stomach wall reached the peritoneum. 
‘Touraine and Fenestre considered it due to presence of the eruption 
on the peritoneum or in the lymphatics and they claim that it 
ought to be differentiated from secondary peritonitis occurring 
duriug the desquamating period, which is grave. It might be added 
here that there might be a question whether Touraine and Fenestre’s 
case Was a true case of general peritonitis, as the patient recovered 
so rapidly, being almost symptom-free the fourth day. 

Out of the total of 19 cases of primary peritonitis associated with 
scarlet fever only 1 was reported as having a vaginitis, the smear 
from which showed Gram-positive cocci. Furthermore, the differ- 
ence of incidence in the sexes is not remarkable. So what part 
direct extension may play in this condition remains unsolved, 
although it must remain as a consideration. Is it possible that in 
these few cases the peritoneum had lost its resistance to infection, 
or is it originally weak, having a congenital or acquired predisposi- 
tion to hemolytic streptococci? Or is it a certain type of organism 
having a specific affinity for the peritoneum which cannot as vet 
be differentiated by the present bacteriologic and immunologic 
means? 

From the pathologic viewpoint, there is at first a generalized 
vascular congestion which is more marked on the visceral peri- 
toneum and greater omentum (Breton) than on the parietal, with 
little or no deposition of fibrin. The fibrinous exudate forms adhe- 
sions between the intestines which soon (24 to 48 hours) accumulate 
rapidly to form a thick fibrinopurulent exudate simulating a 
pseudomembrane of varying dimensions, at times as much as } inch 
in thickness. Simultaneously, an excess amount of fluid is formed, 
thin and serous at first, than seropurulent yellowish to green tinged, 
and finally purulent. The fluid is not very abundant, although 
occasionally, as in the first case cited, a large effusion may be 
present, the fluid gushing forth under marked pressure as soon as 
the abdominal cavity is opened. Histologic sections of the thick, 
fibrinopurulent exudate show a great preponderance of neutrophils 
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while those of the peritoneum show an acute inflammatory pro- 
cess, fully described under Case 3. Similar if not identical findings 
have been reported by the writers on primary streptococcic perit- 
onitis, as Herrenschmidt and others previously mentioned. The 
appendix is grossly normal except for similar exudate on the serosa, 
or if no exudate is present there is only a vascular congestion of 
the serosa. Cultures in the various cases from the literature are 
not accurate except in 3 of the cases. However, the others all 
state that the streptococcus is the secondary invader; although 
whether they had attempted to culture or examine the organisms, 
the majority of the writers do not state. 

Referring to treatment, Breton first recommended paracentesis 
when the fluid was purulent, and repeated when necessary and, if 
the fluid persisted, laparotomy. However, how he came to this 
mode of treatment (he did not use it on either of his patients) he 
did not relate, nor did he state whether it had ever been used by 
anyone else. A few, as Ruppaner,*® claim that there is no reason 
to operate as there is no abdominal focus. But how the body.could 
take care of such thick plaques of fibrinopurulent exudate as we 
found in one of the cases, appears to be a question. Besides, there 
is a peril, and a rather constant one, that one or more of these adhe- 
sions might cause an intestinal obstruction, as reported by Fjelde. 
However, the results of the treatment are the most convincing, for 
of the 6 patients who recovered, all had external drainage of the 
peritoneal cavity except one. “ Ubi pus, ibi evacuo.” 

Conclusions. A review of the literature shows that primary perit- 
onitis complicating scarlet fever is a rare occurrence of grave prog- 
nostic import. 

Three cases of this nature which had developed in a series of 
5500 cases of scarlet fever occurring at the Willard Parker Hospital 
from 1928 to 1932 are here reported. 

The etiology, pathology and treatment of this condition are 
discussed. 
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TYPHOID ABSCESS OF THE BREAST. 


By S. W. Sappineton, M.D., 


PATHOLOGIST, HAHNEMANN HOSPITAL, PHILADELPHIA. 


As typhoid fever becomes more infrequent, its complications and 
sequel occur correspondingly rarely and one of the rarest compli- 
cations, mastitis, is more or less a curiosity. Mastitis usually 
develops at the close of typhoid fever or during convalescence, and 
is bilateral in about half the cases according to McCrae! and in 
about one-third according to Madelung. It is a mild and minor 
complication. It may occur in males though this is very unusual 
according to most writers. However, it was present in 1 male out 
of 4 cases observed by MeCrae,'! and Curschmann*® mentions 2 
examples of slight mastitis in males. 

As to frequency, Berg‘ reported 4 instances among 1626 cases of 
typhoid fever; Schultze® found 2 cases in 2580 typhoid fever patients, 
and McCrae! noted 4 cases of mastitis (2 suppurative) in a series 
of 1500 typhoid patients. The Index Medicus, from 1924 to 1931, 
inclusive, lists only 2 reports of typhoid mastitis or abscess, 1 case 
by Snoke and Goforth® (1926) and a report of 2 cases by Cattaneo.’ 
Madelung? reviewed the matter in 1917 and found 30 cases, 26 of 
which he considered authentic. Suppuration in typhoid mastitis is 
rare according to Cattaneo,’ though McCrae! states that it develops 
in half the cases. When pus does form, the typhoid bacillus has 
not always been sought or found. In Madelung’s® 30 cases bac- 
teriologic examinations were made in only 7 patients. In 2 of 
these the typhoid bacillus was not recovered, in 2 others it was 
found along with the staphylococcus and in 3 cases it was found 
in pure culture. In Snoke and Goforth’s® case the typhoid bacillus 
was cultured from the pus of the amputated breast and later from 
the wound. The organism was cultured from that | of Cattaneo’s? 
2 cases which showed bilateral involvement by squeezing a little 
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seropus from the left nipple, after punctures of the breasts had 
failed. 

The case herewith reported gave conclusive bacteriologic evidence 
of the condition, and occurred, which is unusual, in a virgin breast. 
It is also worthy of note that while the early blood culture was posi- 
tive, the many agglutination tests and cultures of urine and feces 
were negative up to the time of the abscess formation. In this 
respect the case resembles that of Snoke and Goforth,’ which had 
an early positive blood culture but repeated negative Widals and 
feces cultures. The possible method of infection, mentioned in the 
history, is also worthy of consideration. 


Report of Case.—S. M., white, female, aged 22 vears, single, telephone 
operator, was admitted to the Hahnemann Hospital, March 14, 2 weeks 
after a visit to a seashore resort. Her symptoms were general and vague, 
the most specific being a dry cough and slight headache. She remained in 
the hospital 1 month, at the end of which time no conclusive diagnosis was 
reached, though numerous physical, laboratory and roentgenologie exami- 
nations were made. During the month the temperature ranged from 9S° or 
lower in the morning to 99° F. at night, and the 2 days before her discharge 
her temperature was normal. Sputum and tuberculin tests were negative. 
There was no anemia and the leukocyte count was 7000. A typhoid agglu- 
tination test was not done. During her stay in the hospital she was visited 
by a woman friend whose sister was at that time ill in the hospital with 
typhoid fever. This incident may have some significance because this 
woman and another sister were later admitted to the hospital with typhoid 
fever. That is, 3 sisters (one of them the previous visitor) were sick in the 
hospital with typhoid fever and 1 of them died. 

After her discharge the patient remained home for 10 days, during which 
time her general feeling of illness increased and she developed a constant 
severe headache. She was readmitted to the hospital April 25 with a tem- 
perature of 104°. Her fever continued between 103° and 104° for a week, 
after which it gradually dropped during the second week to 102°, where it 
remained for the third week. After this it slowly approached normal, which 
was reached on May 21. During the febrile period and especially in the 
earlier part, the patient was markedly toxic. The leukocyte count on the first 
4 days of the second admission averaged 5000. Typhoid and paratyphoid 
agglutination tests were done April 27 and 28, May 11 and 19 and June 7; 
and were all negative. But a blood culture taken April 27 showed a pure 
growth of typhoid bacillus. During May, numerous cultures of stool and 
urine were negative for typhoid. The agglutination test for undulant fever 
was negative.. Urinalyses showed nothing but occasional albuminuria. 
Another blood culture on May 17 was negative for typhoid. On aecount 
of the numerous negative agglutination tests and the negative cultures of 
stool and urine the clinicians were inclined to look askance at the diagnosis 
of typhoid fever in spite of the early single positive blood culture. 

After the temperature reached normal on May 21, it remained so for a 
week and the patient seemed convalescent. On and after May 28 the 
temperature showed a slight rise evening to between 99° and 100° and on 
June 4, the patient first complained of a small, markedly tender, indurated 
focus in the upper, outer quadrant of the left breast. This tenderness 
remained, the induration increased and in 2 weeks the part became reddened 
and plainly suggested suppuration. On June 19 the abscess was incised 
and drained thick, vellow creamy pus. Spreads and cultures were made at 
once. The spread showed numerous pus cells but no bacteria. The culture 


SAPPINGTON: TYPHOID ABSCESS OF THE BREAST 721 


in 24 hours showed a short, Gram-negative motile bacillus. This organism 
fermented glucose with acid but no gas formation and formed neither acid 
nor gas with lactose. The organism was strongly agglutinated by the 
patient’s serum in a dilution of | to 200 and also in the same dilution by a 
positive typhoid serum. The identification of the organism as a typhoid 
bacillus was therefore regarded as satisfactory. The patient’s serum at 
this time (May IS) also agglutinated stock typhoid bouillon cultures. 
Following the opening of the abscess it rapidly healed and further cultures 
from the wound were negative. The patient left the hospital apparently 
well on July 5. 


Summary. A case of typhoid mastitis in a virgin breast. ter- 
minated in suppuration, and from the pus the typhoid bacillus was 
obtained in pure culture. The rarity of the condition is discussed. 
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Les Potsons pu BaciLLE TUBBRCULEUX ET LES R&ACTIONS CELLULAIRES 
ET HUMORALES DANS LA TUBERCULOSE. By Dr. JEAN ALBERT-WEIL, 
Chef de Clinique Médicale adjoint A la Faculté de médecine de Strasbourg, 
Ancien Interne des Hopitaux de Strasbourg. Preface by Professeur A. 
Borrel. Pp. 327; 6 illustrations. Paris: J.-B. Bailliére et Fils, 1931. 


Tuts book is to a great extent a compilation of the studies of a number 
of American investigators on the chemical composition of the tubercle 
bacillus and the biologic reactions induced by the different chemical frac- 
tions. The four main divisions deal with the chemistry of the tubercle 
bacillus, the antigenic nature of the various fractions and the cellular 
reactions in tuberculosis, the biologic action of the various fractions, and 
the general conception of the pathogenesis of tuberculosis. The author 
has simplified the subject matter by the introduction of several tables, 
which summarize respectively the method of preparation and the biologic 
action of the various chemical fractions of the tubercle bacillus. The fact 
is stressed that the newer knowledge of the chemistry and action of the 
fractions of the tubercle bacillus are based on cultures grown on media of 
known chemical composition. J. A. 


CLINICAL ENDOCRINOLOGY OF THE FEMALE. By CHarLes Mazer, M.D., 
F.A.C.S8., Assistant Professor of Gynecology and Obstetrics, Graduate 
School of Medicine, University of Pennsylvania, etc., and Lropo.p 
Go.pstern, M.D., Demonstrator of Obstetrics, Jefferson Medical College, 
ete. Pp. 519; 117 illustrations. Philadelphia: W. B. Saunders Com- 
pany, 1932. Price, $6.00. 


In this book the authors have correlated their laboratory and clinical 
investigations of alterations in the function of the several glands of internal 
secretion. They have also included a comprehensive, yet critical, review 
of the many outstanding discoveries of recent vears in this field. This 
monograph, the result of their labor, gives us an understanding of the present- 
day conception of the subject. 

One by one the various glands have been taken up with a thorough con- 
sideration of the recent ideas of their physiology, complex inter-relation- 
ships, alterations and diagnosis of dysfunctions. 

The subject of menstruation, the disorders of this phenomenon and the 
therapy of such disorders, forms a very large and interesting section of the 
book. It is introduced by a consideration of the blood tests for the various 
hormones. The authors are evidently convinced, in opposition to the view 
of Zondek and others, of the individuality of the anterior pituitary hormone. 
The contrast in the etiology of functional bleeding at puberty and at the 
menopause is clearly brought out. It cannot be said that any overenthu- 
siasm for commercial biologic preparations characterizes the chapter on 
therapy. The indications for the potent and easily available anterior 
pituitary hormone are given. ‘The authors are justly cautious in their 
discussion of low dosage irradiation of the pituitary and ovary. 

The hormonal aspects of sterility, pregnancy, parturition, and lactation 
summarize concisely recent theories and experiments, and their clinical 
application. The outstanding practical laboratory procedure of this new 
work, the diagnosis of pregnancy by the use of test animals, is offered in 
detail, in its various modifications, as a guide to technicians. Two beau- 
tiful colored plates by McNett are found here, 
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SICARD, FORESTIER: THE USE OF LIPIODOL 


This is an excellent book in a comparatively new field of medicine and 
will stand as a present measure of what has been recently learned, while 
the authors and others continue their investigations. 

A final remark must note the voluminous bibliographical index and refer- 
ences indicative of the close scrutiny which the authors have made of the 
literature. Pp. W. 


Tue Cuemistry or By H. Gipkon Weis, M.D., Px.D., 
Director of the Otho 8. A. Sprague Memorial Institute, and Professor of 
Pathology in the University of Chicago, and Esmonp R. Lone, M.D., 
Pu.D., Director of the Laboratory of The Henry Phipps Institute for 
the Study, Treatment and Prevention of Tuberculosis, and Professor 
of Pathology, University of Pennsylvania, formerly Professor of Pathology 
in the University of Chicago. Pp. 481; illustrated with tables. Second 
edition thoroughly revised. Baltimore: The Williams & Wilkins Com- 
pany, 1932. Price, $7.00. 


THE progress of research in tuberculosis, and especially with mycobac- 
teria, since the first edition of this book has necessitated extensive revision 
or expansion. This is particularly true of the section on “the chemistry 
for acid-fast bacteria.”” The fruitful research stimulated in this field by 
the National Tuberculosis Association is thoroughly discussed and reviewed. 

The book is truly “a compilation and critical review of existing knowledge 
on the chemistry of the tubercle bacillus and its products, the chemical 
processes in the host, and the chemical aspects of the treatment of tuber- 
culosis.”’ 

This edition is carefully arranged and clearly written, and will continue 
to be a valuable reference work to those engaged in laboratory studies on 
mycobacteria, or concerned in the treatment of tuberculosis. “% 


Tue Use or Lipiopo.. By J. A. Stcarp, Late Professor in the Faculty of 
Medicine, Paris, and Physician at the Necker Hospital, and J. Forestier 
(Aix-les-Bains). Pp. 235; 50 illustrations. New York: Oxford Uni- 
versity Press, 1932. Price, $4.00. 


An excellent authoritative treatise by the men who have been the pioneers 
in the development of iodized oil for diagnostic and therapeutic purposes. 
This book is short and concise, yet comprehensive, bringing together for 
the first time the varied applications of lipiodol as an aid in diagnosis. It 
deals with lipiododiagnosis in the central nervous system, the broncho- 
pulmonary system, male and female generative organs, urinary tract, blood- 
vessels, abscesses and sinuses, the paranasal sinuses, lacrymal ducts, mis- 
cellaneous applications and the estimation of secretory activity of the 
stomach. In the concluding chapter lipiodotherapy is discussed. There is 
a lengthy bibliography devoted primarily to foreign references. The illus- 
trations are excellent. Recognizing the importance of proper technique in 
the successful use of lipiodol, special emphasis is placed upon this aspect 
of the subject. This book will be of considerable value to the various spec- 
ialists who have occasion to use lipiodol but will be of greatest benefit to the 
radiologist whose necessary interest in all branches of medical practise 
makes it essential that he have a ready reference work on this important 
adjunct to his art. K. K. 
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A Deserivrive or Raprograrus. By A. Berrwisrie, M.B., 

Cu.B., Second edition, revised and enlarged. Pp. 552; 
767 illustrations. St. Louis: The C. V. Mosby Company, 1932. Price, 
$3.50. 


Tus book is primarily intended for the clinician; the radiologist will 
find it of little value. It consists of a collection of roentgenograms showing 
the diversified conditions in which the Roentgen ray may be of value in 
diagnosis. Each roentgenogram is accompanied by a short descriptive 
note which states in a concise manner the essential features depicted in the 
radiograph. No attempt is made to teach roentgenologic interpretation. 
Great care has been exercised in the selection of material and the illustra- 
tions made therefrom are excellent. One cannot help but be impressed 
by the enormous réle that radiology is plaving in the practise of modern 
medicine. This faet, which is well established in this volume, appears to 
be the sole purpose of this work. kK. K. 


FuNcTIONAL DiIsTURBANCES OF THE Heart. By Hartow Brooks, M.D., 
Attending Physician, Fourth Medical Service, Bellevue Hospital, ete. 
Pp. 288. Philadelphia: J. B. Lippincott Company, 1932. Price, $5.00. 


THE book presents the personal observations of the author “during 
many active years of practice.” It deals primarily with ‘the methods 
which have proven themselves useful in his experience, both in the recogni- 
tion and in the treatment’ of functional disorders of the heart. It is designed 
to “give, for the assistance of other practitioners, the fruit of his vears of 
clinical study of these problems.” 

A book of this type usually contains a certain number of statements 
which may not be entirely scientifically proven or even have the major 
weight of the evidence in opposition. However, the clinical descriptions 
and the advice as to management of these patients will doubtless be helpful 
to practitioners of medicine. The author's wide experience makes him 
eminently capable of understanding the psychologic aspects of these dis- 
orders. W. 


THe Carprac OurpuT oF Man in Heatru Disease. By ArTHuR 
GROLLMAN, PH.D., M.D., Associate Professor of Physiology in’ the 
Medical School of the Johns Hopkins University. Pp. 325; 14 illustra- 
tions and 57 tables. Springfield, Ill.: Charles C Thomas, 1932. Price, 
$4.00. 


THis monograph, the first to cover this very active field of research, 
contains a detailed description of the author’s methods and a critical 
review of the literature, the completeness of which is attested by the 483 
titles in the bibliography. Thus an account is given of the normal physi- 
ologie variations in the cardiac output and of the effect of drugs and physical 
therapeutic measures. The findings in certain types of cardiac disease are 
also given. 

The author believes that his method will accurately measure the cardiac 
output of man under most conditions, and its results, as well as those 
obtained by other methods, are discussed from this point of view. Whether 
the method is as accurate as the author believes might well be debated. In 
any event, the book will prove most useful for workers in this field, and to 
clinicians interested in circulatory physiology. Nothing of immediate 
practical value has as vet been derived from these studies. [.8., Ir. 
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ProspecrinGc FoR Heaven. By Epwin R. Pp. 185. New 
York: The Viking Press, 1932. Price, $1.75. 


In the novel guise of four evening conversations between eight inter- 
locutors, this book entertainingly presents a collective opinion as to what 
may be expected of the ‘Mental Sciences” in harnessing the tremendous 
material now at our disposal “for the creation of a possible heaven on 
earth.”’ In addition to the editor and a mythical Chinese philosopher, the 
talkers are C. M. Hincks, an internationally known psychiatrist, Victor 
Heiser, the sanitarian, Charles Judd and Franz Alexander, psychologists, 
and Howard Odum and Margaret Sargent, sociologists. While the conversa- 
tions obviously did not take place as recorded, the contributors have cer- 
tificated that they convey accurately ‘‘some at least of our ideas as to 
possible scientific steps to the good life.” The skillful weaving into con- 
versational form—a sort of semiscientific Heptameron—of descriptions 
of the evolution of the mind, chief types of insanity, principles of psycho- 
analysis, ‘‘ tools of wisdom,” the art of living together, and various “ cross- 
roads to heaven”? must be read in full to be appreciated. Neither can the 
various constructive suggestions even be indicated here. Stimulation to 
further thought as well as a measure of satisfaction toward the reconciliation 
of scientific progress with human limitations may be guaranteed to the 
reader. E. K. 


HANDBOOK OF THE VACCINE TREATMENT OF CHRONIC RHEUMATIC DIs- 
EASES. By H. Warren Crowe, D.M., B.Cu. (Oxon.), M.R.C.S., 
L.R.C.P., Director of the Charterhouse Rheumatism Clinic, ete. Pp. 
79. Second edition. New York: Oxford University Press, 1932. 
Price, 80c. 


DurinG the 2 years since the first edition of this handbook appeared, 
the author’s methods have been modified by further reductions in dosage, 
bringing the initial dosage at times as low as 100 bacteria. There is abun- 
dant evidence in the author’s experience to indicate that the range of dosage, 
seldom above 10 million bacteria, is more efficient than larger doses. These 
doses elicit reaction phases in arthritis (‘‘ Reaction, Response and Relapse’’) 
such as do not appear following the larger ones. The first, an aggravation 
of symptoms within the first 48 hours, is detrimental and to be avoided by 
suitable further reductions in dosage. The second is the desired alleviation 
of symptoms and promptly follows a suitable dosage. The third, a return 
of symptoms after a period of relief, indicates that the dosage must be 
repeated. 

These reaction phases, their interpretation, and the ultimate results of 
treatment are identical with those appearing after the injection of water- 
soluble extracts of single strains of streptococci in even smaller doses, as 
developed independently in this country in the treatment of chronic 
arthritis. This weakens the author’s argument for the specificity in a par- 
ticular patient of at least one of the 155 strains of streptococci entering 
into his polyvalent vaccine. With doses of 100 bacteria from a polyvalent 
vaccine containing 155 strains, on a pure mathematical basis, one could 
not expect to have included in each dose even a single bacterium of the 
one or several strains specific in a given patient. Constancy of clinical 
responses with such doses argues against specificity of strain, or in favor 
of the essential elements being contained in solution in the menstruum 
suspending the bacteria. 

A recognized handicap in the treatment of arthritis with vaccines is the 
possibility of increasing a patient’s reactivity to it. This contingency 
may depend upon the author's use of subcutaneous rather than intravenous 
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injection. It does not occur after subcutaneous injections if doses sufficiently 
small are employed, but these can be obtained only through the use of 
soluble extracts. 

This handbook should be studied by every physician who uses products 
of streptococci in the treatment of chronic arthritis. The use of minute 
dosage, the recognition of the three phases of reaction and the interpreta- 
tion of them as presented in this handbook will assure a measure of success 
po unobtained in the treatment of atrophic and — 


Brirtu, STILLBIRTH AND INFANT STATISTICS FOR THE BirTH 
REGISTRATION AREA OF THB UNITED States, 1929. Fifteenth Annual 
Report. Pp. 373; illustrated with tables. Washington: United States 
Department of Commerce, Bureau of the Census, 1932.. 


ORDINARILY such compilations as these are of little interest to the average 
individual, but the fact that the present report marks the last year in which 
there was an increase in births over deaths in the United States will make 
this collection of statistics stand out as a prominent marker in our biologic 
history. From this time on it is probable that natality will barely balance 
mortality. The equilibrium seems to have been reached from 30 to 50 
years prior to the time of its predicted arrival. It is to be hoped that the 
deep pees of the figures presented here will be made evident to 
the medical public in a more digestible form in the hope that the number 
of stillbirths may be decreased and the infant mortality rate a sp - 


LABORATORY SERVICE AND THE GENERAL PRACTITIONER. By ARNOLD 
Rensuaw, M.D., B.S. (Lonp.), D.P.H. (Manc. anp Cams.), Director 


of the Laboratory of Applied Pathology and Preventive Medicine, 
Manchester, etc. With an Introduction by Dan McKenzim, M.D. 
(Guas.), F.R.C.S.E. Pp. 267; 8 illustrations. New York: Oxford 
University Press, 1932. Price, $2.50. 


As a clinical pathologist, the author has experienced a need of a closer 
relationship between the clinician and the laboratory service following the 
rapid growth of this phase of pathology in modern medicine. The common 
clinical conditions are listed, each accompanied by a plan of investigation 
which should be undertaken to bring out the a. The helpful features 
of the book are the systematic manner in which the conditions are approached 
and the correlation of the physical characters of certain specimens with 
objective pathologic findings. The latter phase, however, is very briefly 
covered. The interpretations of the tests for diagnosis with discussions are 
also brief. The book does not contain any details of technique. It is, how- 
ever, useful as a guide for the clinician in setting out a plan of investigation 
of a clinical condition with an interpretation of the results. J. B. 


Carpiac Srupy. By W. Burrings, D.M., M.A. 
(Oxon.), Professor of Physiology, Lucknow University. Pp. 208; 15 
illustrations. New York: Oxford University Press, 1932. Price, $3.85. 
A New Puysio.oey or Sensation. By W. Burrinvgz, D.M., M.A. 
(Oxon.), Professor of Physiology, Lucknow University. Pp. 70. New 
York: Oxford University Press, 1932. 


Tuese two books attempt to present as a whole the author’s work on 
cardiac muscle and to relate it to more general principles; over half of the 
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references made are consequently to the author’s own work. While his 
contention, that experiments on enfeebled hearts with solutions far removed 
from those usually considered advisable are not only justifiable but illumin- 
ating, is warranted, any illumination provided proceeds from his facts 
rather than from their presentation. Our concept of excitation is not 
~ assisted by such a statement as “ Muscle and nerve contain two sources of 
potential energy, the kinesiphores, which are the potentialities of a salt- 
colloidal system. The two kinesiphores are calciumand . . . fineness 
of colloidal state with adequate salt adsorption.”” But one cannot complain 
that he is limited by orthodoxy; for instance, he states “It may be that the 
T wave represents, in part at least, antidromic impulses passing by nervous 
paths from ventricle to pacemaker.” The review of experimental evidence 
in the first book may have some value. Language may be a means of clarify- 
ing thought or of submerging facts in a vast pile of terminology, and the 
scientist is too apt to be betrayed into the second usage; these books might 
provide a warning of this danger. H. B. 


BOOKS RECEIVED. 


NEW BOOKS. 


Publications of the Committee on the Costs of Medical Care. No. 21. Organ- 
ized Medical Service at Fort Benning, Georgia. By I. 8S. Faux, Px.D. 
With Reports on Certain Phases of the Organization by Davin sara 


M.D., Sc.D., and Grorese P. Mutter, M.D. Pp. 119; 2 illustrations an 

various tables. Price, 90 cents. No. 23. Surveys of the Medical Facil- 
ities in Three esentative Southern Counties. By C. Sr.C. Gurtp, 
M.D., Dr.P.H. With a Statistical Appendix on the Method of Selecting 
Counties by I. 8. Fatx, Po.D. Pp. 172; 9 illustrations 
and various tables. Price, $1.00. No. 24. The Incomes of Physicians. 
An Economic and Statistical Analysis. By Maurice Leven, Pa.D. 
Pp. 135; 20 illustrations and various tables. Price, $2.00. Chicago: 

e University of Chicago Press, 1932. 


The Tides of Life. The Endocrine Glands in Bodily Adjustment. By R. 
G. Hoskins, Px.D., M.D., Director of Research, Memorial Foundation 
for Neuro-endocrine Research ; Research Associate in Physiology, Harvard 
Medical School. Pp. 352; illustrated. New York: W. W. Norton & 
Co., Inc., 1933. Price, $3.50. 


The Department of State Conference Series No. 12. Sixth International 
Congress of Military Medicine and Pha and Meetings of the Perma- 
nent Committee. e Hague, Netherlands, June, 1931. Report of 
CoMMANDER WILLIAM SeaMAN Barnsripge, M.C.-F., U.S.N.R., for the 
Delegation from the United States of America. Pp. 167; 1 illustration. 
00 - United States Government Printing Office, 1933. Price, 

1.00 (cloth). 


Endocrine Medicine, Vol. IV. eg th Indexes of Names and Sub- 
jects. By M.D., F. C.P., B.S., M.S., D.Sc., 
ember of Staff, St. Louis, City, Jewish, Baptist Sanitarium and Mater- 
nity Hospitals. With a Foreword by Leweys F. Barker, Professor 
Emeritus of Medicine, The Johns Hopkins University School of Medi- 
cine. Pp. 117. Springfield, Ill.: Charles C Thomas, 1932. 


| 


728 BOOKS RECEIVED 


A List of Writings on the Cardiovascular System Exhibited During the Gradu- 
ate Fortnight of the New York Academy of Medicine, 1931. Arranged by 
Dr. Cartes K. Frreppere, and the Staff of the Library. Pp. 93. 
New York: New York Academy of Medicine, 1932. 

The Surgical Clinics of North America, Vol. 18, No. 1 (Pacific Coast Surgical 
Association Number—February, 19383). Pp. 247; 90 illustrations. Phila- 
delphia: W. B. Saunders Company, 1933. 

Hoeber’s Surgical Monographs. The Duodenum. Its Structure & Func- 
tion; Its Diseases & Their Medical & Surgical Treatment. By 
Epwarp L. Ketiogee, M.D., F.A.C.S., Professor of Surgery and formerly 
Professor of Gastroenterology, New York Polyclinic Medical School, 
etc. With a Foreword by Gnorge Davin Stewart, M.D., F.A.CS., 
New York. Chapter on Duodenal Parasites by Bamtey K. Asurorp, 
M.D., Sc.D., Professor of Tropical Medicine and Mycology, University 
of Porto Rico and Columbia University, New York, etc. Section on 
X-ray Diagnosis by A. Jupson Quimpy, M.D., Professor of Roentgen- 
ology, New York Polyclinic Medical School. Pp. 855; 287 illustrations, 
3 in color. New York: Paul B. Hoeber, Inc., 1933. Price, $10.00. 

Syllabus of Medical History. By Victor Rostnson, M.D., Professor of 
History of Medicine, Temple University School of Medicine, Philadelphia. 
Pp. 110; illustrated. New York: Froben Press, Inc., 1933. 

The Gold-headed Cane. By M.D.; Edited with 
Explanatory and Illustrative Notes and an Essay on William Mac- 
MICHAEL, M.D., his Life, his Works and his Editors, by Hersert SPENCER 
Rosrnson. Pp. 223; illustrated. New York: Froben Press, Inc., 1932. 
Price, $3.50. 

Clinical Physiology of the Eye. By Francis Heep Apumr, M.A., M.D., 
F.A.CS., Instructor of Physiology and Ophthalmology, Medical School, 
University of Pennsylvania; Assistant Surgeon, Wills Hospital. Pp. 
406; 92 illustrations. New York: The Macmillan Company, 1933. 
Price, $5.00. 

A Critique of Sublimation in Males. A Study of Forty Superior Single 
Men. By W.S. Taytor, Professor of Psychology, Smith College. Pp. 
115. Worcester, Mass.: Clark University Press, Genetic Psychology 
Monographs, 1933. Price, $2.00. 

Abstract of Publication No. 23. Surveys of the Medical Facilities in Three 
Representative Southern Counties. By C. Sr.C. Guitp, M.D., Dr.P.H. 
Pp. 14; 3 tables. Abstract of Publication No. 25. The Ability to Pay for 
Medical Care. By LovutsS. Resp, Px.D. Pp. 15;3 tables. Washington, 
D.C.: The Committee on the Costs of Medical Care, 1932-1933. 

Diseases of the Heart. By Sm Tuomas Lewis, C.B.E., F.R.S., M.D., 
D.S8c., LL.D., F.R.C.P., Hon.D.Sc. (Micutean), Physician in Charge 
of Department of Clinical Research, University College Hospital, London, 
etc. Pp. 297; 44 illustrations. New York: The Macmillan Company, 
1933. Price, $3.50. 

Clinical Diagnosis, Physical and Differential. By Neurton S. Stern, A.B., 
M.D. (Harvarp), Associate Professor of Medicine, University of Ten- 
nessee School of Medicine, Memphis. Pp. 364. New York: The 
Macmillan Company, 1933. Price, $3.50. 


NEW EDITION. 

Criteria for the Classification and Diagnosis of Heart Disease. By the 
Criteria Committee of the Heart Committee of the New York Tubercu- 
losis and Health Association, Inc., Harotp E. B. M.D., Chair- 
man. Pp. 131; 28 illustrations and 48 electrocardiograms. Third edition. 
New York: New York Tuberculosis and Health Association, 1932. 
Price, $1.00. 
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Studies in the Experimental Production of Simple Goiter.— WrBsTER 
(Endocrinol., 1932, 16, 617) recounts the sequence of events that have 
led up to the knowlege that there are certain food substances which, 
given to the experimental animal, are capable of producing goiter. 
Succinctly, it was noted in the course of some studies of experimental 
syphilis at the Johns Hopkins Medical School that some rabbits were 
developing a goiter when they were on a stock diet of 200 gm. of cabbage 
daily plus 50 gm. of hay and 50 gm. of oats once a week. Practically 
100 per cent of the rabbits who were in the laboratory for over 40 days 
developed thyroid glands which were much above the normal weight. 
It became apparent that cabbage was the responsible factor for the 
production of these goiters. If the rabbits were fed hay and oats the 
thyroid enlargement did not appear. Control experiments were carried 
out to see if it was possible that other factors played a réle in the pro- 
duction of the goiters. It was found, moreover, that the addition of 
7.5 mg. of iodin to the goitrogenous diet protected rabbits for over a 
year at least. The animals developed goiter in direct relationship to 
the duration of the feeding experiment, the degree of hyperplasia run- 
ning level with the duration of the diet. It was noted that goiters 
were more easily produced in winter than in summer. It was believed 
that iodin lack might have some bearing upon the cabbages, but the 
goitrogenic agent was found to be much more powerful than the iodin 
deficiency. Other vegetables, such as Brussels sprouts and cauliflower, 
were likewise found to be goitrogenic. There are certain mechanical 
ways of treating cabbage to increase or decrease its goiter-producing 
power. These studies indicate a method whereby it is possible to 
produce goiter experimentally and open a field in which pathologic 
goiters may be controlled. The general summary of the author points 
out that the goitrogenic substance is probably a cyanid which produces 
a depression of tissue oxidation. Compensation is brought about by 
the overproduction of the activator of overproduction, thyroxin, which 
in turn brings ‘about a relative iodine insufficiency with subsequent 
hyperplasia of the thyroid. Further investigation in the cause of 
goiter, it is suggested by the author, must be directed toward discovering 
the inherent disturbance in the animal organism which is capable of 
producing a relative iodin insufficiency. 
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The Extracardiac Anastomoses of the Coronary Arteries.—In a series 
of experiments that were carried out by Hupson, Moritz and WEARN 
_ (J. Exp. Med., 1932, 56, 919), a colloidal suspension of carbon particles 
was injected into the coronary arteries of human hearts removed at 
autopsy. In most instances the method found satisfactory was to 
remove the thoracic organs, the diaphragm and the abdominal viscera 
together, particular care being taken to keep the pericardium intact 
around the great veins. A 3 per cent solution of lamp black and 5 per 
cent acacia was then injected and the specimen placed in 10 per cent 
formalin for 24 hours. Thirty-one specimens in all were studied. It 
was found that there were extensive anastomoses of the auricular 
branches and the coronary branches to the pericardial fat with the 
pericardiophrenic branches of the internal mammary arteries and 
the mediastinal, pericardial and other branches of the aorta. Between 
the cardiac and the extracardiac vessels around the ostium of the 
pulmonary veins were most extensive anastomoses. The injection 
mass could be demonstrated to have passed not only from the coronary 
arteries and into the vessels of certain structures, but it was also pos- 
sible to demonstrate heart vessels injected from the thoracic branches 
of the aorta. The authors believe that this rich potential extracardiac 
coronary collateral circulation may be significant in compensating for 
sclerotic changes in the larger branches of the coronary arteries. 


Precocious Development of Sexual Characters in the Fowl by Daily 
Injections of Hebin.—These reports of Domm and Van Dyke (Proc. 
Soc. Exp. Biol. and Med., 1932, 30, 349) deal with the effect of the daily 
administration of hebin, a purified gonad-stimulating hormone pre- 
pared from sheep pituitary glands. In the first report the preparation 
was given to light brown Leghorn cocks and their juvenile sex character 
changes were studied largely by the head furnishings, which were 
measured at regular intervals. The treated cocks remained in good 
physical condition despite the daily injections of from 4 to 32 rat 
units over a period of 14 to 36 days. The first effect observed occurred 
in some instances as early as 48 hours after injections began, as a pro- 
nounced stimulation of head furnishings. These began rapidly to 
increase in size and the young cocks soon were attempting to crow. 
The autopsies revealed hypertrophy of the testes in the treated indi- 
viduals, which were larger and heavier than in the untreated birds. 
The thyroid glands were likewise larger and heavier. Other organs did 
not show any significant change, but distinct histologic modifications 
were found in the testes of the experimental birds. These observations 
confirmed Domm’s previous work. It is assumed that the injected 
gonad-stimulating hormone acted directly on the thyroids and gonads 
and that the precocious development of the testes accounts for the - 
development of other sexual characters. In the second paper, which 
has to do with the female bird (p. 351) there is noted likewise the 
phenomenal growth of head furnishings togetlier with the considerable 
hypertrophy of the ovaries as contrasted with the controls. Here again 
the thyroid showed perceptible hypertrophy. It is assumed that the 
injected gonad-stimulating hormone in the stimulation of the gonads 
brought about a precocious endocrine, rather than gametogenetic, 
functioning responsible for the development of the other sexu:l 
characteristics, 
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Serum Amylase and the Diagnosis of Pancreatic Disease.— Diseases of 
the pancreas, other than diabetes, are counted among the most difficult 
of the abdominal diseases from the standpoint of diagnosis. In an 
attempt to diagnose surgical lesions of the pancreas more accurately, 
a variety of laboratory tests have been proposed only later to be dis- 
carded. Several decades ago CAMMIDGE (Lancet, 1904, 1, 782) reported 
a test which was supposed to give accurate evidence of disease of that 
portion of the gland having to do with its external secretions. It was 
used extensively at the time but now is of purely historical interest. 
Numerous investigators have attempted to study the enzymes present 
in the duodenum as a means of determining the pancreatic function. 
The difficulties of such studies are evident and, as would be expected, 
they have not been of any real value in diagnosis. 

In 1846 MaGENDIE (Gaz. méd. de Paris, 1846, 1, 734) demonstrated 
the presence of amylase in the blood serum. Since then many attempts 
have been made to correlate the amount of this enzyme in the blood in 
various diseases of the pancreas. Since the enzyme is excreted in the 
urine, attempts have been made to study the urinary amylase for a 
similar purpose. 

During the past few years several attempts have been made to 
determine, under optimum conditions, whether serum amylase studies 
are of diagnostic value in differentiating surgical disease in the upper 
abdomen. Davison (Bull. Johns Hopkins Hosp., 1925, 37, 281) has 
published a method for the determination of serum amylase activity 
which has been used either as originally described, or with modifica- 
tions by several groups of workers. 

The work of Elman and Graham in this field marked the first serious 
attempt by surgical investigators to enter this very important field. 
ELMAN, ARNESON and GraHaM (Arch. Surg., 1929, 19, 943) and ELMAN 
(Arch. Int. Med., 1931, 48, 828) have studied the amount of amylase 
in the serum in patients and have correlated the data which they 
obtained with the findings at operation or autopsy. They concluded 
that the determination of the serum amylase is of undoubted value in 
determining the presence of suspected pancreatic disease. Shortly 
after Elman’s first paper, WAKEFIELD, McCauGHan and McVicar 
(Arch. Int. Med., 1930, 45, 473) published a similar study using similar 
methods (ELMAN and McCauauan, Arch. Int. Med., 1927, 40, 58) for 
the determination of the serum amylase, and came to nearly opposite 
conclusions, in that they could find no correlation between the serum 
amylase content and the extent of the disease of the pancreas. 

Popper and SELINGER (Wien. klin. Wchnschr., 1928, 41, 199), Popper 
(Deutsch. med. Wehnschr., 1929, 55, 1712) and Potacco and Prcco 
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(Klin. Wehnschr., 1928, 7, 1867) have published similar studies in the 
European literature. The first authors found the determination of 
serum amylase of some value in making a diagnosis of pancreatic dys- 
function. Popper, however, found an increase in the blood amylase 
after gastric resection which he believed may have been due to injury 
to the pancreas during the operation, since the amylase value returned 
to normal within a few days. Polacco and Pecco found an increase in 
the serum amylase in 32 per cent of patients with gastric or duodenal 
ulcer and in 42 per cent of patients with acute biliary tract disease. 

The -difficulties encountered in evaluating such studies is evident 
from the fact that the same type of study has been used as a test of 
kidney function by Harrison and LAWRENCE (Lancet, 1923, 1, 169), 
Rew (Brit. J. Exp. Path., 1925, 6, 314) and others. In the presence of 
severe renal disease the serum amylase is increased. Furthermore, 
Moecxkat and Rost (Zitschr. Physiol. Chem., 1910, 67, 433) reported 
an increase in the diastatic activity of serum in diabetes mellitus. 
More recently, Rem and Myers (J. Biol. Chem., 1933, 99, 607) have 
confirmed these observations. 

If the clinical interpretations of serum amylase determinations are 
involved and difficult to evaluate, the results obtained from experi- 
mental animals are no less confusing. Mine and Peters (J. Med. 
Res., 1912, 26, 415) and others have found that pancreatectomy causes 
an increase in the serum amylase, while Rem and Narayana (Quart. 
J. Exp. Physiol., 1930, 20, 305) found little or no change, and OrrEN 
and Gatitoway (Am. J. Physiol., 1910, 26, 347) found that pancreatec- 
tomy caused a fall in the serum amylase. Recently, Zucker, NEw- 
BURGER and Bere (Am. J. Physiol., 1932, 92, 209) and Rem, QuiGLEY 
and Myers (J. Biol. Chem., 1933, 99, 615) have confirmed the findings 
of Otten and Galloway. Ligation of the pancreatic ducts causes a 
sudden and marked increase of the serum amylase according to JOHNSON 
and Wiss (J. Exp. Med., 1932, 55, 505), Zucker, Newburger and Berg, 
and Wolff and Holt (unpublished data from this laboratory). This 
increase persists for only a few days and is then followed by a period 
in which the serum amylase values are below those present previous 
to ligation of the duct. Zucker, Newburger and Berg, in contrast to 
the results of Elman and McCaughan found that drainage of the 
pancreatic ducts results in similar changes to those found after ligation 
of the pancreatic ducts. 

There is no doubt from the extensive data in the literature that the 
amount of serum amylase varies coincident with pathologic changes in 
the pancreas. Since the serum amylase following pancreatic duct 
obstruction may be increased, decreased or normal, depending on the 
length of time which has elapsed following the onset of the obstruction, 
it is difficult to see how single determinations will give a clear picture 
of the changes occurring in the pancreas. However, a normal blood 
diastase which remains normal for several days would tend to exclude 
the pancreas. Surely, in those cases in which serum amylase determina- 
tions are made as an aid to diagnosis, the interpretation must be made 
in the light of other findings. As a test of disease of the pancreas it 
has not proven to be specific. Further studies along the line of those 
made by Elman and his co-workers may throw additional light on 
the subject. 
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The Treatment of Myasthenia Pseudoparalytica With Glycocoll.— 
REMEN (Deutsch. med. Wchnschr., 1932, 58, 889) presents*a very brief 
note recording the favorable effects observed by him in 2 patients to 
whom oral daily doses of 10 gm. of glycocoll were administered con- 
tinuously for periods of 2months or more. The treatment is based upon 
the fact that glycocoll is capable of restoring to normal the disturbed 
creatin-creatinin metabolism which has been determined to exist in 
these patients, who are commonly observed to have an elevated creatin- 
uria. In both of the author’s patients the treatment relieved the pro- 
nounced tendency toward fatigue and gradually tended to restore the 
function of the patients’ muscles. One patient who had been scarcely 
able to walk at all for 6 months so far regained his strength as to be 
able to’ walk and to climb stairs without difficulty. Both an existing 


ptosis and diplopia disappeared and the myasthenic electrical reactions 
which had been present in practically all muscle groups also diminished 
or disappeared. The author feels that the results of this form of treat- 
ment are most promising and that it should be tried further despite 
its relatively high cost. 


A New Treatment for Thrombosis.— Based upon the results of the 
modern study of the blood in relation to the tendency to the develop- 
ment of thrombosis, StuBER and Lane (Deutsch. med. Wchnschr., 
1932, 58, 885) have developed a therapy comprising the intravenous 
administration of germanin combined with an alkaline diet to which 
is added the daily administration of 40 gm. of neutral sodium citrate. 
Their own studies show that this combined form of treatment increases 
the rate of blood flow, overcomes an existing slowing of the flow, 
promptly alters the chemical and physical composition of the blood in 
the direction of increasing the ratio of albumin as compared to globulin 
and reduces the electrical charge of the blood cells together with the 
production of an increase in the alkali reserve. Each of these chemical 
and physical alterations is directly opposed to the conditions favoring 
thrombosis. The administration of germanin brings about an acute 
alteration while the alkaline diet and sodium citrate are administered 
for the purpose of maintaining the altered state. The authors find 
that to be effective the germanin must be administered intravenously. 
Their initial dose is 0.5 gm. and after 2 or 3 days subsequent doses of 
1 gm. are given at intervals of 4 or 5 days. The only side action which 
they have observed from the administration of germanin is a transitory 
albuminuria. They believe that this plan of treatment is of thera- 
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peutic value in those patients who have already developed one or more 
thromboses as well as being of great value as a prophylactic. In cases 
of cardiac insufficiency they believe that adequate continued digitalis 
therapy is necessary and they recommend for cases of circulatory 
deficiency due to vasomotor depression, as in infectious diseases, the 
administration of camphor and caffein as essential adjuvants. 


Investigations on the Active Principles of Curcuma and the Action 
on the Secretion of Bile.—Supplementing and elaborating previous clin- 
ical studies of their own upon curcuma, Kak and Nissen (Deutsch. 
med. Wchnschr., 1832, 58, 1718) report the results of animal experi- 
ments and investigations upon man with extracts of curcuma, one 
representing the total extract of 10 gm. of the drug, the second only 
the ethereal oil contained in that quantity of the drug, and the third 
only the water-soluble constituents. Upon dogs they find that all 
three extracts markedly increase the flow of bile when administered 
through a duodenal tube. The whole extract, however, is more potent 
than either of the two fractions, although each of the fractions exhibits 
a considerable degree of activity. Comparative studies show the action 
of the whole extract of 10 gm. of curcuma to be somewhat less than 
that of 5 cc. of a 5 per cent solution of decholin given intravenously. 
The whole extract is dissolved in 150 cc. of hot water and administered 
directly into the duodenum by way of a duodenal tube. In every one 
of 24 investigations carried out on 13 patients this dose showed a pro- 
nounced increase in the flow of bile ranging from twice up to five times 
the previous flow. The biliary flow was accompanied by an increased 
elimination of bile pigment and the fixed constituents of the bile. The 
experiments seemed to show that the presence of the volatile oil in the 
extract contributes to its action by relaxing spasm of the biliary pas- 
sages when present, and in two instances in man the repeated admin- 
istrations of the total extract led to the spontaneous evacuation of a 
number of gall stones. The authors believe that the whole extract of 
curcuma constitutes a marked addition to our armamentarium for the 
treatment of many diseases of the biliary tract, especially those asso- 
ciated with diminished bile flows and that it is surpassed in its potency 
only by decholin. 


Vaccine and Distilled Water Injections in the Treatment of Whooping 
Cough.—The conflicting evidence as to the therapeutic value of vaccine 
in whooping cough is briefly reviewed by Bayer (Med. Klin., 1932, 
28, 1459), to which he adds his own experiences confirming this con- 
flicting evidence. In order to obtain more definite information he made 
comparative investigations upon two series of children, the one receiv- 
ing vaccine, the other distilled water injections. The results showed 
that those receiving distilled water had more marked alleviation of 
symptoms and shorter duration of illness than, those on vaccine treat- 
ment. The author explains this extraordinary difference between the 
two groups on the basis of differences in their composition and sur- 
roundings, which made the group receiving water much more suscept- 
ible to the influence of therapeutic suggestion. He believes, as « 
result of these experiences, that pertussis vaccine is without specific 
therapeutic value and that such benefit as may result from its use i! 
individual cases is due solely to the therapeutic value of suggestion. 
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The So-called Allergic Manifestations and the Incidence of Respira- 
tory Infections in Rheumatic and Non-Rheumatic Children.— McCLean 
(Arch. Pediat., 1933, 50, 123) says that it has been shown repeatedly in 
rheumatic children that the so-called allergic manifestations are com- 
mon and that often respiratory infections are responsible for the initial 
attacks and for the recurrence of the acute manifestations of the 
rheumatic infection. When the incidence of the so-called allergic mani- 
festations associated with respiratory infections in 36 rheumatic 
patients, to the age at the development of the condition, were com- 
pared with 36 non-rheumatic patients of the same age and length of 
observation, it was found that the number and severity of the respira- 
tory infections differed little in the rheumatic and the non-rheumatic 
groups. Repeated attacks of tonsillitis were observed in 88 per cent 
of the rheumatic and in 77 per cent of the non-rheumatic children. 
Acute follicular tonsillitis was observed in 47 per cent of the rheumatic 
and in 58 per cent of the non-rheumatic children. The so-called 
allergic phenomena were no greater in the rheumatic than in the non- 
rheumatic groups, with the possible exception of gastro-intestinal symp- 
toms complicating respiratory infections, if this is an allergic manifes- 
tation. Acute suppurative otitis media occurred in 47 per cent of 
the rheumatic children and in 38 per cent of the non-rheumatic. Acute 
cervical adenitis occurred in 27 per cent of the rheumatic group and 
in 11 per cent of the non-rheumatic. Severe gastro-intestinal symp- 
toms were associated with respiratory infections in 41.6 per cent of 
the rheumatic and in 19.4 per cent of the non-rheumatic cases. Twenty- 
two (61 per cent) of the rheumatic patients developed the condition 
before the tonsils and adenoids were removed and 14 (39 per cent) of 
them developed the condition after the operation. Of the control non- 
rheumatic patients, 23 (64 per cent) had the tonsils removed before 
the age of the development of the infection. Of the 14 rheumatic 
patients in whom the tonsils and adenoids were removed before the 
development of the rheumatic infection, 12 (86 per cent) developed 
signs and symptoms of a more or less chronic paranasal sinusitis. 


Septicemia in the New-born.—Dunuam (Am. J. Dis. Child., 1933, 
45, 229) states that septicemia, in spite of the general impression to the ~ 
contrary, is an important and relatively frequent cause of morbidity 
and mortality in the new-born. Blood cultures should always be 
taken when a new-born baby becomes ill and when the diagnosis is 
obscure. If the cause of the illness is determined early and transfusions 
of blood and other treatments are given, a number of these patients 
may be saved. There were observed 39 cases of septicemia in new-born 
infants occurring in a period of 5 years. The final diagnosis, based on 
the growth of organisms from the blood, was usually corroborated by 
clinical and, in many cases, by postmortem examination. The com- 
monest organism found was the streptococcus, the staphylococcus and 
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the B. coli. Clinically, septicemia due to the streptococcus seemed to 
differ from other types of septicemia by the absence of jaundice and 
bleeding, by the less frequent enlargement of the spleen and by the 
more frequent appearance of cutaneous infections, omphalitis, perit- 
onitis and meningitis. Streptococcus septicemia invariably terminated 
fatally. In the cases of septicemia caused by the staphylococcus and 
the B. coli, the jaundice was a common symptom, occurring in more 
than one-half of the cases in both groups. Bleeding was observed in 
about one-half of the cases in the staphylococcus group and in about 
one-third of the cases of the B. coli group. The spleen was frequently 
enlarged in both groups, in one-half or more of the cases. Anemia was 
less common in staphylococcus septicemia than in that caused by the 
streptococcus and B. coli. Infections of the urinary tract were found 
only in cases of B. coli septicemia. The staphylococcus and B. coli 
septicemias were not invariably fatal. 


The Effectiveness of Commercial Diphtheria Toxoid in Active 
Immunization of Infants.—GREENGARD (J. Am. Med. Assn., 1933, 100, 
793) used 5 brands of toxoid, and 1 was noted to be definitely less 
effective than the other 4. In the first series of 28 cases, 4 (14.2 per 
cent) remained persistently positive. Of the 24 infants completely 
immunized, the interval between last dose of toxoid and the ensuing 
negative Schick test was over 6 weeks in 7 cases and as long as 20 weeks 
in 1. In this connection it must be borne in mind that, in an individual 
who has received a primary antigenic stimulus, even minute secondary 
antigenic stimuli, such as the very small amount of toxin used in a 
Schick test, may produce considerable amounts of antitoxin. It is, 
therefore, quite possible that some of the infants that became negative 
after 10, 12 or 20 weeks, may have responded to the repeated small 
doses of Schick toxin with sufficient antitoxin to bring them above the 
Schick level. In the second series on the less effective brand of toxoid, 
6 of 30 infants (20 per cent) remained persistently positive. In this 
group all but 2 of the immunized infants demonstrated a negative 
Schick within 6 weeks of the second dose. The remaining groups 
showed definitely better results. Two groups showed 100 per cent 
protection and all but 1 of these cases showed the negative Schick 
within 6 weeks. Two other groups showed approximately 97 per cent 
immunized, and in these the immunity was demonstrated largely 
within 6 weeks. There was a natural error in observation due to the 
difference in developing immunity at different age periods. It was 
noted that the best results were developed in the older infants. This 
fact did not hold in the cases in the group using the brand of toxoid in 
which notably poor results eventuated, as the age group was the same 
as in two groups in which notably good results were observed. The 
age distribution of infants in whom the Shick test remained persistently 
positive is interesting. All but 1 of these 12 infants were under 6 months 
of age. This bears out the statements found ‘in the literature, that 
young individuals form antibodies poorly. On the other hand, it is 
interesting to know that, with a potent toxoid, most infants under 
6 months of age can be rendered Schick negative rapidly. The out- 
standing advantage of toxoid is that it may be of high antigenic potency, 
and it is non-toxic, irreversible and very resistant to changes in tem- 
perature, aging and the like. 
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DERMATOLOGY AND SYPHILIS 


UNDER THE CHARGE OF 


JOHN H. STOKES, M.D., 
PROFESSOR OF DERMATOLOGY AND SYPHILOLOGY, SCHOOL OF MEDICINE, 
UNIVERSITY OF PENNSYLVANIA, 

AND 
VAUGHN C. GARNER, M.D., 

ASSISTANT PROFESSOR OF DERMATOLOGY AND SYPHILOLOGY, SCHOOL OF MEDICINE, 
UNIVERSITY OF PENNSYLVANIA. 


Viosterol in the Treatment of Pemphigus.—Lupy and Dr VaLin 
(Urol. and Cut. Rev., 1932, p. 817) report the uncomplicated recovery 
of 6 cases of chronic pemphigus by the use of massive dosage of viosterol. 
They were led to the trial of this drug by the observation of the close 
connection between faulty nutrition and the incidence of chronic 
pemphigus, the disease for the most part occurring exclusively among 
the poorer classes, who live largely on ill-balanced diets, deficient in 
vitamins. The first case studied was a woman, aged 57 years, who had 
had for 2 months a widespread bullous eruption over the entire body, 
including the mouth. Viosterol was given in rapidly ascending doses 
up to 45 cc. daily, as well as ultraviolet irradiation pushed to the.point 
of tolerance. Following a temporary state of mental aberration with 
sexual excitation, during which time the viosterol was discontinued 
the drug was again administered in doses of 12 cc. daily. Complete 
cure followed with no remissions the past 2 years of observation. All 
other cases studied were given doses of viosterol ranging from 4 cc. to 
8 cc. three times daily. It is important to begin treatment the moment 
the diagnosis is established and the administration of adequate dosage 
pushed until the cessation of the eruption of new bulle. Roentgen ray 
studies have shown no deposit of calcium in the soft tissues under this 
high dosage of viosterol. The blood calcium after 2 months’ admin- 

istration showed an average increase of 2 mg. per 100 cc. The authors 
comment on two known recoveries from pemphigus treated with vios- 
terol in the practice of another physician and advocate the further 
trial of this method of treatment. 


A Simplified Treatment of Ringworm of the Scalp.—BarkspaLE 
(Med. J. and Rec., 1932, 136, 494) reports the results obtained in the 
treatment of 80 cases of tinea capitis by the local use of a 1 per cent 
bismuth violet (crystals) and 10 per cent salicylic acid in 70 per cent 
alcohol. The results were uniformly good in all coéperative patients, 
healing usually ensuing in from six to ten daily applications. Secon- 
darily infected cases require a longer course of treatment. 


Erythema Nodosum in Undergraduate Nurses and Its Relationship 
to Tuberculosis. — Cruise (Canadian Med. Assn. J., 1932, 27, 603) 
champions the tuberculous-etiology of erythema nodosum, a disease 
whose causation has periodically vacillated between those who favor 
either its rheumatic, tuberculous or specific bacillary background. 
The author has studied 33 pupil nurses with the disease and states 
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that one-third of the group subsequently developed definite or tentative 
tuberculosis within a period of 6 months after the involution of the 
eruption. He states that erythema nodosum may be considered as 
much a manifestation of tuberculosis as pleurisy with effusion. The 
author suggests that in addition to a skiagram made during the acute 
phase of the eruption, it should be repeated in 3 months and every 
6 months thereafter for a year or more. 


Fatalities Due to Bismuth in the Treatment of Syphilis.—BrErMan 
(Arch. Dermat. and Syph., 1932, 26, 797) has reviewed the literature on 
fatalities due to bismuth used in the treatment of syphilis and has dis- 
covered 6 cases of sudden death and 17 of delayed deaths attributable 
to this cause. In all but one instance the sudden deaths followed the 
intravenous use of the drug and were associated with symptoms of col- 
_loidoclastic shock. The one sudden death following intramuscular 
injection was probably due to accidental intravascular deposition of 
the drug and reémphasizes the importance of pulling back on the 
plunger of the syringe to prevent this complication. Delayed deaths 
due to bismuth intoxication are usually attributable to involvement of 
the gastrointestinal tract, the liver or the kidneys or a combination of 
two or more of these structures. 


GYNECOLOGY AND OBSTETRICS 


UNDER THE CHARGE OF 


CHARLES C. NORRIS, M.D., 
PROFESSOR OF OBSTETRICS AND GYNECOLOGY, SCHOOL OF MEDICINE, 
UNIVERSITY OF PENNSYLVANIA, PHILADELPHIA, PA., 


AND 


FRANK B. BLOCK, M.D., 
SURGEON, JEWISH HOSPITAL, PHILADELPHIA. 


Artificial Vagina.—In those rare cases in which there is an absence 
of the vagina various methods of treatment have been advocated 
which belong into two major groups, namely, construction of a new 
vagina from plastic flaps of skin taken from the labia or thighs, or the 
implantation of some portion of the intestinal tract into the normal 
situation of the vagina. There is no clinic which has had a very exten- 
sive experience with any of these operations, but Masson (Am. J. 
Obst. and Gynec., 1932, 24, 583) believes that unless the new canal is 
lined with mucous membrane it will not be very satisfactory. He has 
operated upon 5 patients using the ileum and they are all well satisfied 
with the results. One of the objections to this operation is the high 
mortality rate, but he believes that if proper care is taken not to make 
undue tension on the loop of ileum, there should be no real risk from 
operation. The discharge which some of the patients complain of can 
be reduced by not making the loop any longer than necessary. In the 
occasional case it may not be possible to find a loop of ileum that can 
be brought down to the perineum, and in such event it will be advisable 
to use a loop of sigmoid or close the abdomen and use the ampulla of 
the rectum, but the risk is greater if the large: bowel is used. 
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RADIOLOGY 


UNDER THE CHARGE OF 


ALBERT MILLER, M.D., 
AND 


CHARLES G. SUTHERLAND, M.D., 


CONSULTING PHYSICIANS, SECTION OF ROENTGENOLOGY, MAYO CLINIC, 


The Limitations of Physical Senin in Otolaryngology.—In otologic 
practice Fow.er (Arch. Phys. Therap., X-ray, Radium, 1932, 13, 581) 
considers diathermy, ionization, Roentgen rays and ultraviolet Tays as 
mostly of doubtful or negative value, except for certain surface lesions 
and for the symptom of pain, which symptom being a valuable clinical 
guide should not be thoughtlessly masked. Any man who claims to 
cure deafness, as such, by any therapeutic measure is deliberately or 
ignorantly confounding a symptom with disease, because deafness may 
result from many widely differing lesions requiring widely different 
managements. 


Pitfalls in Tonsil Coagulation.—Bar.ow (Arch. Phys. Therap., X-ray, 
Radium, 1932, 13, 598) feels that electrocoagulation of the faucial tonsil 
is now on a safe and sane basis and is becoming more safe in the hands 
of qualified men every day. The public has been educated regarding 
the method in an astoundingly short time by articles in magazines and 
by the syndicated paragraphs, which every newspaper carries, written 
by a physician in forceful and convincing style. Nevertheless, the 
method is not as yet perfected, and the results are not uniformly good. 
Hemorrhages of serious nature have occurred, and even deaths have 
been reported. In Barlow’s opinion electrocoagulation requires more 
care, judgment and dexterity than the approved methods of surgery. 
Salesmen become overzealous in their anxiety to sell apparatus and 
superlative in their statements as to the simplicity and effectiveness of 
the method. Some even outline the technique or offer to perform the 
first applications. Further, sweeping statements in the syndicated med- 
ical articles lead the laity to believe that only one or two sittings are 
necessary and that in 5 days the tonsil has vanished. Only small areas 
must be coagulated; large sloughs may be followed by severe bleeding. 
The active electrode must be kept well within the tonsil; if the pillars 
are invaded a stormy reaction is sure to follow. When the surface of 
the tonsil is swabbed with cocain too much may be used or some may 
be swallowed. In a patient just recovering from tonsillitis the treatment 
may precipitate quinsy or arthritis. On the whole, the method is 
admirably adapted to certain cases in the hands of men trained in its 
uses, but it is far from satisfactory as used by the profession at a 
without training. 


Dissecting Aneurysm of the Aorta.—Six previously recorded cases 
and 11 new cases with necropsy (4 with roentgenograms of the chest) 
are reported by Woop, PeNpERGRassS and Ostrum (Am. J. Roentgenol. 
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and Rad. Therap., 1932, 28, 437). Roentgenologically there is deformity 
of the supracardiac shadow. Frequently an arcuate excrescence ex- 
tends outward from some point on the aortic arch. The protuberance 
may or may not pulsate. The shadow produced by extension of the 
dissection along one or more of the large branches of the aortic arch is 
probably the most nearly pathognomonic roentgenologic sign. Displace- 
ment of the esophagus and trachea may occur. The heart is usually 
enfarged. Fluid is frequently present in the left pleural cavity. Non- 
fatal rupture of the aneurysm into the left pleural cavity occurs quite 
often in these cases. Nonfatal rupture of the aneurysm into the peri- 
aortic tissues may produce a bizarre roentgenographic appearance. 


NEUROLOGY AND PSYCHIATRY 


UNDER THE CHARGE OF 
FRANKLIN G. EBAUGH, M.D., 
PROFESSOR OF PSYCHIATRY IN THE UNIVERSITY OF COLORADO, 
AND 


GEORGE JOHNSON, M.D., 


INSTRUCTOR IN PSYCHIATRY IN THE UNIVERSITY OF COLORADO. 


Panic.—Dretuetm (Arch. Neurol. and Psychiat., 1932, 28, 1153) 


states that the more frequent panics can be grouped under “incidental 
panics.” They are merely an incident in the course of a psychosis. 
They may occur in any setting as a reaction to an unbearable, threaten- 
ing situation to which the patient is unable to adjust himself. The 
symptoms of a panic are extreme fear, but one may also notice sus- 
piciousness, projections, misinterpretations, ideas of reference and 
delusions of persecutions that may or may not be self-depreciatory, 
according to the setting in which the panic occurs. The behavior is 
often bewildering because of the many apparently contradictory fea- 
tures, which can be explained by the patient’s inability to decide to 
whom he should turn or where to find his enemies. In the interval 
between outbursts of panic the patient may be quiet or restless, in good 
rapport with his environment or on suspicious guard. The high and 
extremely variable pulse rate is one of the best indications of the still 
persistent tension which can also be recognized from other sympathico- 
tonic symptoms. Knowledge of the bodily changes in panics is meager, 
partly due to the lack of coéperation in states of extreme fear and inse- 
curity. The author gives a situational grouping of the panics: (1) 
Sexual insecurity; difficulties aroused by homosexuality, constitutional 
instability, masturbation and emission, sex tension and desires, fear of 
impotency. (2) Financial insecurity. (3) Conscientiousness and inade- 
quacy panics; those incapable of carrying responsibilities, frequently 
due to a feeling of being inadequate to the requirements of a situation. 
(4) Philosophie insecurity; this includes the person’s reaction to the 
problems of death and eternity, which frighten certain people because 
they feel unable to cope with situations that are unintelligible and are 
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mystical to them. Less vital situations may produce incidental panics; 
impending operations, fear of recurrence of a panic. An analysis of 
the situations proves that situational factors are not leading in produc- 
ing a panic, but that constitutional makeup has to be considered pre- 
_ eminently. Panic reactions can be grouped into paranoid and disinte- 
gration panics. In the first form the personality remains more or less 
intact, although deeply involved, as seen by systemization of the 
delusions, which may last several months. In the disorganization panics 
a schizophrenia-like picture results. The stupor was caused by fear of 
action in a state of complete insecurity, or was the expression of great 
aversion. The study of reaction, situation and individual personality 
is an approach that leads to a careful treatment of the patient. It 
requires analysis of the disturbing and helpful minor situations of the 
24 hours as well as the major situations that precipitated the illness, 
and it forces one to attempt to adjust the past and future situations in 
the patient’s life. There should be protection against suicidal attempts, 
a frank attitude on the part of the physician and of whoever comes in 
contact with the patient. Every step of the routine must be carefully 
explained and necessary modifications made. Premature transfer to a 
better ward or sudden withdrawal of sedatives may precipitate an 
increase in insecurity or cause a panic outburst. Divided doses of small 
amounts of barbital four times a day and hydrotherapy decrease the 
tension. One is thus able to establish the basis for coéperation and 
confidence. A discussion of the more fundamental factors must be 
delayed until the patient feels able to face his shortcomings and can 
also give due appreciation to his assets. Interviews must be short and 
end with reassuring formulation. In most cases the patient recovers 
after a few weeks or months, but the illness may last more than a year 
and end in a final adjustment. Some panics are only the initial stage 
of a serious schizophrenic illness. The duration and final adjustment 
depend much on intelligent treatment. 


PATHOLOGY AND BACTERIOLOGY 


UNDER THE CHARGE OF 


OSKAR KLOTZ, M.D., C.M., 


PROFESSOR OF PATHOLOGY, UNIVERSITY OF TORONTO, TORONTO, CANADA, 
AND 


W. L. HOLMAN, M.D., 


PROFESSOR OF BACTERIOLOGY, UNIVERSITY OF TORONTO, TORONTO, CANADA. 


Incidence of Gastric Ulcers in Albino Rats Fed Diets Deficient in 
Vitamin B.—In a controlled seyies of studies, DALLDoRF and KELLOGG 
(J. Exp. Med., 1932, 56, 391) tabulate and describe ulcerative lesions 
of gastric mucosa in rats receiving diets deficient in the antineuritic 
factor of vitamin B. Sixty-four animals were examined. Of these, 44 
received diets totally lacking in or with an adequate supply of vitamin B™ 
(B). Twenty received diets containing adequate amounts of B. Ulcera- 
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tions of gastric mucosa were found in 73 per cent of the former, and in 
not one of the latter. The ulcers were in many cases multiple. Eight 
were chronic. The lesser gastric curvature was the favored site. None 
of the.ulcers were visible to the naked eye. Even so, the authors state 
that the size of the lesions in rat and man is comparable, taking the 
disparity in size of the organs into account. Plates are included with 
several magnifications of representative ulcers. The concluding state- 
ment is that “albino rats deprived of vitamin B commonly develop ulcers 
of the gastric mucosa.” : 


Nerve Changes in the Region of Chronic Ulcer and Ulcer-carcinoma 
of the Stomach (Ueber Nervenverainderungen im Bereich des Magen- 
geschwiirs resp. Ulkuskarzinoms).—KatsurAsHIMA (Mitt. tiber allg. 
Path. u. path. Anat., 1932, 7, 285) states that in the region of chronic 
peptic ulcer as well as carcinomatous ulcer of the stomach the nervous 
elements show either regressive or progressive changes. In 25 of 53 
cases of both conditions the nerves show themselves as very resistant 
to change, more resistant than the muscle elements. Proliferative 
changes may show themselves as hypertrophy and mild hyperplasia of 
the axis cylinders in the denuded nerve bundles on the surface of the 
ulcer, while 30 per cent of the cases show bulbous outgrowth into the 
scar tissue of axis cylinders out of the stumps of amputated nerve 
bundles (so-called amputation neuroma). Perineuritis was seldom 
observed. Progressive changes of the nervous apparatus were absent 
in 53 per cent of the cases. In these the nerves were affected by necrosis 
directly from the ulcer, or they showed other regressive changes. When 
one compares the primary gastric carcinoma with the ulcer-carcinoma 
it is striking that in the latter there is a more frequent occurrence of 
the different kinds of neuroma. The nervous elements in the advanced 
carcinoma show by and large, passive or regressive changes. In the 
cancer tissue there were no neuromata found. The individual axis 
cylinders between cancer cells may be well preserved or show only 
regressive phenomena. So-called Renaut nodules may occur in gastric 
nerves. These consist mostly of newly formed, laminated endothelial 
cells, similar to concentrically laminated Schwann cells. 


. HYGIENE AND PUBLIC HEALTH 


UNDER THE CHARGE OF 
MILTON J. ROSENAU, M.D., 


PROFESSOR OF PREVENTIVE MEDICINE AND HYGIENE, HARVARD MEDICAL SCHOOL, 
BOSTON, MASSACHUSETTS, 


AND 


GEORGE W. McCOY, M.D., 


DIRECTOR OF HYGIENIC LABORATORY, UNITED’ STATES PUBLIC HEALTH SERVICE, 
WASHINGTON, D. C. 


Studies on Ringworm Funguses With Reference to Public Health 
Problems.—Attempts by Bonar and Dreyer (Am. J. Pub. Health, 
1932, 22, 909) to grow fungus on sound clean wood have yielded only 
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negative results. Fungus may grow readily on floor material that is 
covered by a coating of slime or algal growth. Results of the application 
of certain disinfectants to growth on slime covered blocks of floor mate- 
rials are given. The complete killing of Trichophyton interdigitale borne 
in skin scales, by 1 per cent sodium hypochlorite solution requires a 
time period of 1 hour or longer. Thermal death point studies on spore 
suspension, cultures grown in fabrics, and on material imbedded in 
skin scales show complete killing of the fungus in 10 minutes’ time at 
75° C., or lower in some cases. The efficiency of the fungicidal action 
of standard power laundry practice is shown to vary with the nature 
of the fabric handled and with the temperature applied to the different 
materials. The standard practice for white cotton fabrics shows a 
good margin of safety, while that employed for woolens and colored ~ 
fabrics is doubtful. The application of standard “dry cleaning” solvents 
to these funguses, either growing in fabric or imbedded in skin scales, 
is shown to have a negligible action in exposures of 1 to 2 hours. 


Permanency of the Mild Type of Smallpox.—Cuapin and SmitrH 
(J. Prev. Med., 1932, 6, 273) state that the mild strain of smallpox has 
prevailed over vast regions of the United States for over 30 years. It 
has continued in an enormous number of lines for hundreds of “gener- 
ations” and still maintains its early characteristics. Cases of this mild 
strain of smallpox, like those of most contagious diseases, exhibit many 
minor variations, but without development of a permanent new type. 
The variations in the disease can scarcely be due to anything else than 
variations in the pathogen, what biologists call “fluctuating variations.” 

The writer has been unable to find any evidence that the mild strain 
has ever reverted to the classical type, that is, that the pathogen of the 
disease has ever undergone a mutation in that direction. It is true 
that there have been in this country many outbreaks of the severe 
classical type. Some have occurred ever year. They have been most 
numerous near the Mexican border, or at seaports. A large number 
of these outbreaks of the severe strain have been definitely determined 
to have arisen from importations. Many more, probably, had such 
an origin. Most American health officers and epidemiologists who have 
had experience with the two types of smallpox do not think that as yet 
there has been any reversion of the mild strain to the old classical strain. 


Postvaccination Encephalitis With Special Reference to Prevention. — 
Armstrone (U.S. Pub. Health Rep., 1932, 47, 1553) states that the 
only practicable means so far suggested for preventing the encephalitis 
occasionally noted following smallpox vaccination have to do with the 
vaccination procedure. A suitable vaccination technique is defined as 
one employing a small superficial insertion, never over $ inch in greatest 
diameter and which employs no routine dressing. Infancy is the best 
time for performing primary vaccinations insofar as the prevention of 
postvaccination encephalitis is concerned. Evidence is presented which 
suggests that inoculation with diphtheria toxoid tends to render mice 
somewhat more resistant to vaccine virus subsequently administered 
intracerebrally. It is suggested that primary vaccinations, especially 
after the first year of life, be deferred until contemplated immunization 
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against diphtheria or other diseases by means of inanimate antigens 
has been accomplished. It is suggested that the first dose of diphtheria 
toxoid be given preferably at 6 months of age and the second dose 
1 month later; vaccination against smallpox to follow the second inoc- 
ulation in from 3 to 4 weeks. The same procedure is suggested for older 
children also. The hope is expressed that a recent preliminary exercise 
or mobilization of the immunity or defense forces may lead to a more 
efficient antivaccine-virus response, with the result that the ensuing 
reaction may tend to simulate primary infant or secondary vaccinations 
in their comparative mildness and freedom from postvaccination 
encephalitis. The suggestion is made that possibly the high percent- 
age of poliomyelitis cases recorded among diphtheria-susceptible chil- 
_ dren in New York in 1916 may be due in part to an increased resistance 
to poliomyelitis among children immune to diphtheria. 


PHYSIOLOGY 


PROCEEDINGS OF 
THE PHYSIOLOGICAL SOCIETY OF PHILADELPHIA 


SESSION OF MARCH 20, 1933 


Experiments on Chemotropism of Leukocytes.— WILLIAM B. Wart- 
MAN and Morton McCurtcueon (Laboratory of Pathology, University 
of Pennsylvania). Experiments were made to determine whether poly- 
morphonuclear leukocytes are attracted by dead leukocytes. Human 
blood was centrifuged and a small clump of leukocytes (about 300 to 
500 micra in diameter) was placed on a slide and allowed to dry. A 
drop of fresh blood from the same individual was placed on the dead 
leukocytes and allowed to spread between slide and coverslip. The 
preparation was examined with the microscope, at 37° C. The dead 
leukocytes were placed at one end of the microscopic field and the 
number of leukocytes which moved to the dead ones and made contact 
with them was counted. Another field, without dead leukocytes, was 
then studied, and the number of leukocytes was counted that made 
contact with an imaginary area having the same size as the clump of 
dead leukocytes. In 10 experiments the number of moving leukocytes 
that made contact with the dead ones was 10 per hour; the number in 
control fields was 2 per hour. It is therefore concluded that in these 
experiments polymorphonuclear leukocytes were attracted by dead cells. 


The Estimation of Ethyl Iodid by the Katharometer in Determinations 
of Cardiac Output in Man.—J. S. Donat, Jr., and C. J. GamBLE (Lab- 
oratory of Pharmacology, University of Pennsylvania). The chemical 
methods for the determination of ethyl iodid in estimating the cardiac 
output in human subjects according to the method of Starr and Gamble 
are time consuming. This has made difficult the accumulation of 
adequate data on the output of the heart under pathologic conditions. 
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Therefore a physical method, the katharometer, based on a comparison 
of the thermal conductivities of gases, has been adapted to the esti- 
mation of ethyl iodid. A sample of respired gas is freed of carbon 
dioxid and water vapor by exposure to ascarite and phosphorus pent- 
oxid. The thermal conductivity is then compared in the katharometer 
with that of a portion of the same gas from which the ethyl iodid has 
been condensed by passage through a tube immersed in liquid air. This 
comparison of the thermal conductivities of two portions of the same 
sample makes the instrument independent of the variations in oxygen 
content to be met with in respiratory samples. 

The calibration of the katharometer is simplified by the fact that, in 
the determination of cardiac output, a knowledge of absolute concen- 
trations of ethyl iodid is not required; only the ratios of the concentra- 
tions of the four samples need be determined. For this reason the 
accuracy of the instrument over the range encountered in a determina- 
tion of cardiac output is tested by comparing the electrical readings of 
a series of known dilutions made from a single ethyl iodid air mixture. 
The average of forty such tests, made in the course of 18 months, 
indicates a probable error for a single determination of 0.00055 per 
cent by volume, or 0.75 per cent of the maximum concentration met 
with in a determination of cardiac output. This is a somewhat greater 
degree of accuracy than that attained with the chemical method 
previously employed. 

By means of the katharometer, two determinations of cardiac output 
can be completed in less than an hour. The number of cardiac output 
estimations which could be performed conveniently by the chemical 
method in a week, can be made by the katharometer method in a day. 
The data secured by this method from 100 patients at the University 
Hospital are now being analyzed. 

The Effect of Unilateral Section of the Peroneal Nerve of the Albino 
Rat on the Number of Myelinated Fibers in the Intact Nerve of the 
Opposite Side.—K. Tamaki (The Wistar Institute of Anatomy and 
Biology, University of Pennsylvania). The effect of the section of a 
peripheral nerve on one side on the contralateral nerve has been noted 
by several observers. This study presents a more detailed examination 
of this effect. The peroneus nerve of the albino rat was that used. 
It contains about 2000 myelinated fibers. Section of this nerve on one 
side causes, after 6 weeks, either a loss of myelinated fibers in the 
contralateral nerve, or a retardation in the formation of new fibers 
with advancing age. 

In 19 cases, section of the peroneus nerve on one side resulted in an 
average increase in the number of fibers in the contralateral nerve of 
0.9 per cent in 6 weeks. In unoperated rats the normal increase of 
fibers in the intact nerves is 5.9 per cent in the same period. 

Section of the _Peroneus nerve on one side, therefore, causes either 
a loss of fibers in the contralateral nerve cr a retardation in their 
formation. 

The fibers ‘iistiatia are regarded as the branches of the main fibers 
forming the nerve, and the effect produced is referred to substances 
formed in the sectioned nerve, and acting injuriously on the contra- 
lateral neurons. 
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The Nervous Regulation of Intercostal Respiration. D). W. Bronk 
and L. K. Fercuson (Johnson Foundation and the Department of 
Surgery, University of Pennsylvania). ‘The factors relating to the ner- 
vous control of thoracic respiration have been investigated by recording 
simultaneously the impulses in nerve fibers to the external and internal 
intercostal muscles of decerebrate cats. In accordance with the general 
findings of Adrian and Bronk regarding the grading of muscular contrac- 
tions, it is observed that greater thoracic respiratory activity is a 
result of an increased frequency of impulses in single nerve fibers, an 
increased number of motorneurons in action and an increased duration 
of discharge, as well as the familiar increase in rate of respiration. The 
nerve fibers to the external intercostal muscles are found to be respon- 
sible for inspiratory activity, those to the internal intercostal muscles 
for expiration, although this relationship is reversed as regards the 
interchondral part of the musculature. 

In addition to the increase in number of active fibers, increased 
respiratory activity is, then, a result of an increase in the rhythm of 
impulse discharge from the individual motor nerve cells and an increased 
rhythm of the bursts in which these impulses are discharged to the 
muscles. In order to determine the extent to which these rhythms are 
independent of rhythmic afferent impulses, experiments have been per- 
formed on animals in which both vagi were cut, and in which all mus- 
cular contraction was abolished by means of curare. Under such 
conditions the asphyxia produced by stopping the respiration pump 
induced an increasing frequency of impulses from a single motor nerve 
cell. The alternate bursts of impulses in the nerves to the external 
and internal intercostal muscles: were maintained, and it was observed 
that those cells controlling the activity of the internal intercostal 
muscles did not discharge during the period of activity of the cells 
controlling the external intercostals. It is therefore to be concluded 
that the centers for controlling intercostal respiration carry on rhythmic 
activity when uninfluenced by rhythmic bursts of afferent impulses 
from the lungs or from the respiratory muscles and, further, that there 
is a synergic relationship between the activity of these two groups of 
cells independent of such afferent impulses. 


- Observations on the Localization in the Brain-stem of Mechanisms 

Controlling Body Temperature.*—ALLEN D. KeLLer (Department of 
Physiology and Pharmacology, University of Alabama School of Med- 
icine). The work of Isenschmid and Schnitzler' in the rabbit, and of 
Bazett and Penfield* in the cat demonstrated by extirpation experi- 
ments the dependence of normal regulation of body temperature upon 
the hypothalamic region of the brain-stem. It seemed worth while to 
localize further in a qualitative manner the mechanisms concerned, with 
a view that this procedure would eventually lead to exact anatomic 
identification. 


* This investigation was begun in the Yale Physiological Laboratory.’ It is being 
continued with the aid of a grant from the Committee on Scientific Research of 
the American Medical Association. 

1 Isenschmid and Schnitzler: Arch. f. exp. Path. u. Pharm., 1914, 76, 202. 

2 Bazett and Penfield: Brain, 1922, 14, 569. 

3 Keller, A. D.: Proc. Am. Phys. Soc., 1932. 
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Three experimental approaches have been used: (1) Complete 
transection at various levels; (2) localization of conducting tracts medi- 
ating heat regulating functions as they passed from the tonic cephalic 
central mechanisms caudal through the mid-brain, pons and upper 
medulla; and (3) direct attack upon the hypothalmic region itself. 

The following factors were studied carefully in the preparations after 
operation: (1) Their ability to maintain normal rectal temperatures 
at usual as well as low environmental temperatures; (2) the presence or 
absence of shivering, panting and sweating; and (3) the time relation 
between the ear vessels and rectal temperature in returning to normal 
after overheating. 

Certain necessary criteria for evaluating material have been adhered 
to: (1) In semi-acute preparations conclusions were drawn only from 
lesions that did not eliminate the mechanisms studied and, further, it 
was made certain that these mechanisms were present at the time of 
termination; (2) conclusions were drawn in regard to deprivation of 
paralytic symptoms only when these symptoms persisted as the animals 
became chronic. (A preparation is considered chronic only after suffi- 
cient time has elapsed after operation for the disappearance of edema 
and organization of débris.) 

In all cases the block of tissue containing the lesion or lesions has 
been sectioned serially, and every third or fifth section stained for 
fiber tracts. This allows for accurate localization of the gross lesions. 
In chronic material, cell studies are being made to check the presence 
or absence of cell groups located adjacent to the gross lesion. 

Resutts. Complete Transections. It was necessary to keep mid- 
brain cats in incubators up to about 3 weeks after operation. Gradu- 
ally they were able to maintain adequate temperatures in unheated 
cages; however, when placed in an ice-box (45° to 50° F.), the rectal 
temperature fell progressively. In no instance has shivering been 
observed even up to 7 weeks after operation. In two preparations with 
sections through caudal tip of mammillary bodies ventrally, overheat- 
ing has elicited typical panting. On removal from the hot box the 
ear vessels constricted to streaks long before rectal temperature returned 
to normal. 

Only semi-acute pontile preparations have been studied. They have 
exhibited no attempt at heat regulation. Shivering has never been 
observed on cooling and the maximum respiration rate on overheating 
has been 120 per minute. 

Several acute and semi-acute medullary preparations have maintained 
higher rectal temperatures than mid-brain and pontile animals when 
housed in the same incubators. Typical slight shivering has been 
noted in the preparations when cooled and also when heated. Hyper- — 
thermia has likewise been noted, whereas hyperthermia has never been 
encountered in pontile or mid-brain preparations. It seems possible 
that in these cases the mechanisms at the level of the obex may be 
stimulated by lesion hemorrhages, and so forth, since some medullary 
preparations react as do pontile preparations. 

Hypothalamus. A bilateral transverse section just rostral to the 
chiasm, complete unilateral involvement of the hypothalamus.and 
bilateral involvement of approximately the ventral third of the hypo- 
thalamus has been accomplished in the cat and dog without showing 
any gross impairment in heat regulating powers. 
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When the complete hypothalamus was involved—the mammillary 
bodies may be left intact—without gross injury to thalamic nuclei 
above, the animals were identical to mid-brain preparations in their 
inability to maintain normal temperature and to shiver. Rapid res- 
piration and vasodilation were constantly present even in spite of low 
rectal temperatures. Typical panting was readily elicited by such 
maneuvers as pinching the tail, massage, or by spontaneous movement 
or urination by the animal. 

Semi-acute and chronic cats and pad having lesions involving a 
portion of the dorsal half of the hypothalamic gray matter bilaterally 
exhibited a permanent impairment of the power to maintain a normal 
body temperature at low extremes in environmental temperatures. 
These animals otherwise displayed normal health, exhibited vigorous 
appetites and were frequently pseudo-affective. 

Analysis of the foregoing observations demonstrates the morphological 
separation—at least in part—of the “heat production” mechanism from 
that of the “heat loss” mechanism, the former being located in the 
more dorsal portion of the hypothalamus, the latter in the cephalic 
mid-brain. The separate existence of two such central mechanisms 
was postulated by Meyer.! 

Conduction Paths in Mid-brain and Pons. That conducting pathways 
mediating heat regulating functions pass caudally both medially and 
laterally through the mid-brain and pons, is evidenced by the fact 
that cats and monkeys (only low pontile lesions have been placed in 
monkeys) continue to heat regulate after either bilateral section of the 
medial quarter segments or the lateral quarter segments of the brain- 
stem at these levels. At the upper level of the mid-brain the tracts 
seemed to be fairly well concentrated in the medial quarter segments. 
In the lower mid-brain and pontile levels there is a definite spread to 
lateral quarter segments. 


1 Quoted by Hasama: Arch. f. exp. Path. u. Pharm., 1929, 146, 126. 
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